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ABSTRACT 
Individuals left to decompose in outdoor environments may be subjected to all 
manner of carnivore scavenging before they are recovered.  This study documents 
scavenging patterns to determine the effect of multiple species on human-sized pig (Sus 
scrofa) remains in an outdoor setting.  It is hypothesized that that identification of the 
species involved in scavenging and postmortem damage to bone will correlate with 
patterns in the way skeletal elements are dispersed from the original point of deposition.  
Furthermore, the interactions of multiple species of scavengers modifying the same 
remains will impact the dispersal of skeletal elements differently than in studies 
documenting single scavenger taxa. 
The research was conducted on private land in the Yosemite Valley, CA, USA.  
Six pigs of comparable mass to adult humans were left exposed for five weeks beginning 
May 22, 2012, and observed daily for the first two weeks.  After skeletonization, the 
bones were mapped, collected, and examined for carnivore modification.  Two additional 
pigs were placed separately and left undisturbed for approximately six weeks, after which 
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a thorough search of the area was undertaken to locate and map skeletal elements.  
Eighteen defleshed cow (Bos taurus) femora were also secured in the same outdoor 
environment to document scavenger gnaw marks and behavior.  Six additional femora 
were given to domestic dogs (Canis familiaris) to document gnaw marks and behavior. 
Results of this study suggest that regular human interaction has an impact on 
carnivore behavior.  During observational period of the study, carnivore activity was 
nonexistent.  Once daily observations had ceased, within two days coyotes (Canis latrans) 
and wild pigs (Sus scrofa) began scavenging the remains.  Coyotes and turkey vultures 
(Cathartes aura) scavenged the undisturbed pigs as early as two days after deposition, 
and complete disarticulation had occurred by the end of the six-week study.  The cow 
femora were scavenged by turkey vultures and ravens (Corvus corax) daily regardless of 
human presence but were only scavenged by coyotes after daily observations had ceased. 
Analysis of dispersal patterns revealed that a majority of skeletal elements were 
found either adjacent to the original deposition site or along nearby game trails.  This 
suggests following game trails is an effective technique for law enforcement attempting to 
locate remains.  However, entire carcasses can be removed with minimal skeletal 
elements or soft tissue left behind, stressing the importance of detailed searches for small 
bones to establish the original site of deposition. 
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CHAPTER 1:  INTRODUCTION 
 Scavenger activity represents an important variable that can affect both the 
recovery and analysis of human remains left to decompose in an outdoor setting.  
Individuals who are deposited in natural areas where they may not be discovered 
immediately can be subjected to all manner of scavenging behavior before they are found 
and recovered.  In light of this, research which examines the role carnivore scavenging 
plays within the larger scope of taphonomic processes is essential to the analysis of 
outdoor crime scenes. 
 An understanding of scavenger patterns and behavior is essential because of the 
extensive damage that they can cause to remains.  Studies of both avian and terrestrial 
scavengers show that remains can become dispersed from the original deposition location 
in as little as a day and sometimes far less from the onset of scavenging (Kjorlien et al. 
2009; Morton and Lord 2006; Reeves 2009).  As noted in Spradley et al. (2012), it can 
take less than 5 hours of feeding for black vultures (Coragyps atratus) and turkey 
vultures (Cathartes aura) acting in isolation from terrestrial scavengers to completely 
skeletonize adult human remains.  Other scavenging species, such as spotted hyenas 
(Crocuta crocuta), can completely dismember and disperse remains in as little as a few 
minutes after their arrival at a site (Kruuk 1972).  Research by Haynes (1980b) on wolf 
(Canis lupus) utilization of white-tailed deer (Odocoileus virginianus) proposes three 
days for a single wolf, two days for two to four wolves, and under 36 hours for five to 
seven wolves to consume or remove everything but the rumen from a kill site.  With all 
species, as scavenging continues over time, the percentage of recoverable skeletal 
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elements drastically decreases, making identification and analysis all the more difficult 
(Haglund et al. 1988).   
Even if the body is discovered before complete skeletonization and disarticulation 
can occur, scavenging can still impede a forensic investigation.  Because scavengers 
often target open wounds early on, their involvement with the decomposition process also 
may mask perimortem trauma (Willey and Snyder 1989).  Further, avian scavengers such 
as ravens (Corvus corax) are capable of penetrating the skin early in the decomposition 
process, which allows other carnivores access to the viscera earlier than would otherwise 
be observed (Elgmork and Tjørve 1995; Komar and Beattie 1998).  Despite this 
observation, avian scavengers tend to utilize and expand already-existing defects in the 
soft tissue and can therefore also obscure perimortem trauma (Komar and Beattie 1998). 
The scavenging behaviors of many different species of vertebrates have been 
examined in the literature.  Large North American carnivores documented in previous 
studies include coyotes (Canis latrans), domestic dogs (Canis familiaris), wolves, 
mountain lions (Puma concolor), brown bears (Ursus arctos), black bears (Ursus 
americanus), and domestic and wild pigs (Sus scrofa) (Domínguez-Solera and 
Domínguez-Rodrigo 2009; Elgmork and Tjørve 1995; Haglund 1997a; Haynes 1980a; 
Steadman and Worne 2007; Torres 1996; Walley 2006).  Smaller scavengers include red 
foxes (Vulpes vulpes), opossums (Didelphis marsupialis), raccoons (Procyon lotor), 
skunks (Mephitis mephitis), and rodents including rats (cf. Rattus) and squirrels (cf. 
Sciurus) (Haglund 1997b; Klippel and Synstelien 2007; Lloveras et al. 2011; Morton and 
Lord 2006).  In addition, ungulates such as sheep (Ovis aries), deer (Cervus elaphus and 
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cf. Muntiacus), elk (Cervus elaphus roosevelti), and giraffes (Giraffa camelopardalis) 
have been observed modifying bone in order to utilize the nutrients and minerals they 
contain (Bowyer 1983; Brothwell 1976; Sutcliffe 1973; Wyatt 1971).  Birds, including 
ravens, crows (Corvus brachynochos), magpies (Pica pica), turkey vultures, and 
American black vultures have also been documented as agents of taphonomic bone 
modification and dispersal (Elgmork and Tjørve 1995; Komar and Beattie 1998; Reeves 
2009; Spradley et al. 2012). 
The scavenging behaviors of different taxa will impact remains in a variety of 
ways.  Canids will often gnaw on long bones from either end in order to get at the 
marrow and will continue to do so until the bone is completely destroyed (Haglund 
1997a; Haglund et al. 1988; Haynes 1980a, 1983; Komar and Beattie 1998; Willey and 
Snyder 1989).  In the process, their canine teeth can leave telltale modifications in the 
cancellous epiphyses of long bones (Pobiner 2007).  Unlike canids, pigs show preference 
for smaller bones that can easily be picked up and removed from the original site of 
deposition (Greenfield 1988).  Although they also tend preferentially to damage 
cancellous bone, pigs often leave tooth modifications on the shafts of long bones as a 
result of flesh removal (Domínguez-Solera and Domínguez-Rodrigo 2009; Greenfield 
1988).  However, pigs were also capable of completely eliminating compact tarsal bones 
(Greenfield 1988).  In addition, many large carnivores are capable of producing spiral 
fractures in long bones that can be mistaken for perimortem trauma to the untrained eye 
(Haynes 1980a, 1983). 
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The effects of avian scavengers are less obvious but can still be differentiated 
from terrestrial scavenger modifications.  While avian scavengers such as ravens, crows, 
and vultures do not tend to destroy remains the way that canids can, they are capable of 
leaving telltale marks on bone including scratches and the removal of the outer cortical 
layer (Komar and Beattie 1998; Reeves 2009; Spradley et al. 2012).  Further, vultures are 
capable of transporting remains away from the point of deposition (Houston 1986; 
Spradley et al. 2012). 
When removing skeletal elements from the original site of deposition, previous 
research suggests that scavengers will utilize pre-existing game trails (Haglund et al. 
1989; Kjorlien et al. 2009; Ricketts 2013).  This was especially true of long bones, with 
axial elements being more likely to remain near the original location of the remains 
(Kjorlien et al. 2009).  Of course, this is dependent to some extent on the 
decompositional stage at the onset of scavenging behavior, with remains in later stages of 
decomposition being easier to disarticulate and remove from the site (Haglund et al 
1989). 
 A few studies have been designed to address scavenging specifically in a forensic 
context.  These include comparisons of scavenger activity between clothed versus 
unclothed remains and wooded versus open environments, as well as the effects of 
scavengers on child and adult-sized remains (Kjorlien et al. 2009; Komar and Beattie 
1998; Morton and Lord 2006; Reeves 2009; Ricketts 2013; Spradley et al. 2012).  These 
actualistic studies are essential in order to understand how scavengers behave in a natural 
environment similar to crime scene locations.  Apart from these studies, a majority of the 
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scavenging publications available have not utilized experimental designs that seek to 
emulate plausible forensic contexts.   
Instead, much of the scavenging data available is derived from studies using 
captive or isolated animals (Domínguez-Solera and Domínguez-Rodrigo 2009; 
Greenfield 1988; Lloveras et al. 2011; Pickering and Carlson 2004; Reeves 2009; Saladié 
et al. 2009; Willey and Snyder 1989) or analyses of case studies (Berryman 2002; 
Haglund et al. 1988; Moraitis and Spiliopoulou 2010; Steadman and Worne 2009).  This 
presents a problem when attempting to draw conclusions about how scavengers behave 
towards remains deposited in an outdoor environment.  The studies that do involve wild 
scavengers analyze discovered remains, usually of fauna (Carson et al. 2000; Englehardt-
Bergsjø 2009; Haynes 1980a, 1982; Marín-Arroyo and Margalida 2011; Miller 2009; 
Montalvo et al. 2007; Wilcox and Van Vuren 2009) or excavated den sites (Kerbis 
Peterhans 1990; Pokines and Kerbis Peterhans 2007).  An exception to this is research by 
Kjorlien et al. which looks at dispersal patterns in an observational study.  However the 
site of deposition was located on a suburban agricultural farm less than 1 km from 
residential construction, which could have impacted faunal behavior (Kjorlien et al. 
2009).  While these studies do add to our understanding of carnivore taphonomy, they 
cannot model the conditions in which scattered remains in a natural environment are 
often found.  
Besides scavenging, many other researchers have studied taphonomy both in 
natural and laboratory settings.  In an attempt to emphasize the importance of context to 
the state of remains, research has focused on the environment in which bone was 
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recovered, including soil type (Jans et al. 2004; Nielsen-Marsh and Hedges 2000; White 
and Hannus 1983), temperature (Nelson 1992; Tersigni 2007; Thompson 2005), and 
subaerial exposure (Behrensmeyer 1978; Trueman et al. 2004).  The processes of 
decomposition have also been studied, including the effects of disturbance (Adlam and 
Simmons 2007), trauma (Chang 2013; Cross and Simmons 2010; Smith 2012), climate 
(Galloway et al. 1989; Komar 1998), insect activity (Barretta 2012; Carter et al. 2007; 
Dillon and Anderson 1995; Goff 1993; Megyesi et al. 2005; Simmons et al. 2010), and 
deposition environment (Kelly et al. 2009).  Buried remains, for example, will display a 
different set of taphonomic signatures than those left to decompose on the ground 
surface.  Research has examined buried remains and the processes of interment in order 
to better understand the chemical environments of burial mounds (Breuning-Madsen et 
al. 2001), indicators of cemetery burials (Berryman et al. 1991; Rogers 2005; Schultz et 
al. 2003), erosion of bone (Gordon and Buikstra 1981; Littleton 2000; Nicholson 1989), 
and formation of adipocere (Forbes et al. 2005; Takatori 2001).  Taphonomic research 
has also been conducted in aquatic environments, and focuses primarily on fluvial 
transport (Bassett and Manhein 2002; Behrensmeyer 1990; Ebbesmeyer and Haglund 
1994) and decomposition in either fresh or salt water (Arnaud et al. 1978; Brooks 2013; 
Kahana et al. 1999; O’Brien and Kuehner 2007; Pakosh and Rogers 2009; Westling 
2012).  These studies, and many more besides, have contributed to our understanding of 
how to process and draw conclusions from remains recovered from an outdoor setting. 
 Currently, there are very few standardized protocols available for the recovery of 
human remains from an outdoor setting (Dirkmaat and Cabo 2012).  One possible 
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exception is the Joint POW/MIA, Central Identification Laboratory (JPAC-CIL), which 
has recovery techniques built into its standard operating procedures.  But apart from this 
highly specialized and structured context, the lack of standardization among local law 
enforcement agencies poses a problem, both for officers attempting to make sense of the 
scene as well as researchers interested in using the data in future analyses (Haglund et al. 
1988, Steadman and Worne 2009).  Lack of standardized protocols may lead to variations 
in recovery procedure, thus resulting in incomplete or unusable data. 
 The present study seeks to address these issues by examining the scavenging 
process in an environment frequented by multiple species of large scavengers, 
specifically on a private plot of land near Yosemite National Forest, California, USA.  
According to the landowner, animals observed on the property include scavengers such 
as coyotes, dogs, feral pigs, and turkey vultures and birds of prey including hawks (cf. 
Buteo) and ravens.  Given the diverse nature of the animals potentially present at a rural, 
outdoor crime scene, a study which attempts to mimic those conditions as closely as 
possible will provide the most conclusive data on carnivore scavenging behavior for that 
region. 
In the current study, direct carnivore modification of bone and scatter patterns 
were examined on pig remains left in an outdoor setting.  It was hypothesized that 
identification of the species involved in scavenging and postmortem damage to bone will 
correlate with patterns in the way skeletal elements are dispersed from the original point 
of deposition.  Further, the interactions of multiple species of scavengers modifying the 
same remains will impact the dispersal of skeletal elements differently than in studies 
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documenting single scavenger taxa.  This was accomplished by observing scavenger 
patterns in a natural setting and employing all methods possible to determine the types 
and patterns of Yosemite scavengers.  These included the use of motion sensitive cameras 
to document scavengers, mapping and analysis of skeletal element dispersal, and 
examination of type and location of carnivore modification to bone. 
This research was laid out in three phases in order to best accomplish the above 
goals.  The first phase, referred to as the Long-Term Study, was conducted over a six-
week period between May 22nd and July 2nd 2012.  The Long-Term Study used game 
cameras to document the carnivore feeding behavior on two pigs left undisturbed without 
additional observations being made in order to control for the introduction of human 
scent.  The importance of undisturbed controls has been highlighted for carnivore 
behavior specifically (Morton and Lord 2006) and for decompositional processes in 
general (Adlam and Simmons 2007).  At the end of six weeks, observations on the 
remains were made and dispersal was documented.  The second phase of the research, 
referred to as the Short-Term Study, was conducted between May 22nd and June 26th 
2012.  This phase used game cameras and daily observations to record decompositional 
changes and faunal modification of six pigs deposited at the same time as the Long-Term 
Study.  In addition to carnivore modification and disarticulation stage (Haglund et al. 
1989), decompositional changes and total body score (TBS) were recorded (Megyesi et 
al. 2005).  The Short-Term Study was originally intended to conclude after two weeks, 
but was extended for an additional three weeks due to lack of scavenger activity.  The 
final phase, referred to as the Long Bone Study, was conducted between May 23rd and 
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July 2nd 2012.  This study used 30 cattle (Bos taurus) femora in sets of six to capture 
gnaw mark data that could be correlated to a specific scavenger.  After accumulating 
gnaw marks from known scavengers, as documented using motion-sensitive game 
cameras, the bones were cleaned and the marks were compared to scavenger modification 
in the Short-Term and Long-Term Studies. 
Currently, research is being concluded in Northern New England, USA, that 
documents the behavior of wild carnivore scavenging behavior on pig remains monitored 
over multiple seasons.  Results from this study, as well as others like it currently being 
conducted, are essential to the growing body of taphonomic scavenging research, and will 
work towards a more complete picture of regional variation in taphonomy (Dr. Marcella 
Sorg, personal communication).  This research highlights the necessity of experimental 
studies with a direct forensic application being conducted in a variety of environments, so 
as to gain better understanding of the distinctive biomes and the species that operate 
within them.  The present research also works towards this goal by providing information 
about scavenging activity and behavior in an environment that has not previously been 
studied for this purpose. 
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CHAPTER 2:  PREVIOUS RESEARCH 
Taphonomy 
 Taphonomy refers to the processes that affect an organism after death and include 
decomposition, disarticulation, insect deposition, and scavenging by other animals (Burns 
2007; Dirkmaat et al. 2008; Ubelaker 1996).  The word “taphonomy” was first used by 
Efremov (1940) to describe the study of death within the fossil record.  Initially, the 
purpose of taphonomic research was to expand upon paleontological research focusing on 
the remains of the organism itself to understand the environment and conditions that 
affected the differential preservation of species and the dispersal of remains away from 
their home environment (Efremov 1940).  Early taphonomic research focused on 
diagenesis and preservation of bone in archaeological contexts (Gordon and Buikstra 
1981; Lyman 1993;White and Hannus 1983).  During the period from the late 1960s to 
the 1980s, vertebrate taphonomic studies began to expand, allowing for new approaches 
to common paleontological questions such as transport (Boaz and Behrensmeyer 1976; 
Hill 1979; Voorhies 1969), weathering (Andrews and Cook 1985; Behrensmeyer 1978; 
Tappen 1969), and hominid site use (Brain 1981; Hill 1980; Klein 1989).  Research in the 
field of taphonomy transitioned from a strictly paleontological discipline to one 
employed by archaeologists and anthropologists (Dirkmaat et al. 2008).  Taphonomy also 
revolutionized the way early hominid behavior is interpreted, as the presence of cut 
marks alongside carnivore tooth marks on animal bones suggested hunter-gatherers may 
have been scavenging the leftovers from predator kills (Binford 1981; Brain 1981; Hill 
1980; Haynes 1997; Isaac 1971; Pobiner 2007). 
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 The application of taphonomic approaches to forensic anthropology has served to 
bring the discipline out of the laboratory and into the field, in order to collect specific 
data for the purposes of contextualization.  Of particular note in this transition was the 
work of Lyman (1994), which was an early reference for the standardization of 
taphonomic theory and practices to both paleontological and archaeological sites.  More 
recently, some key volumes have been published compiling the work of prominent 
taphonomists in the field who take approaches directly applicable to forensic 
anthropology (Haglund and Sorg 1997, 2002).  The chapters therein focus on actualistic 
and observational studies in forensic anthropology, which seek to explain the taphonomic 
processes operating in the present as opposed to the paleontological record (Haynes 
1997). 
Animals are a ubiquitous source of taphonomic alteration to vertebrate remains.  
Of these, scavenging may be the most difficult to replicate using an experimental design 
because of the unpredictability of the animals involved and the effects that proximity to 
humans have upon their behavior.  Many researchers (i.e., Domínguez-Solera and 
Domínguez-Rodrigo 2009; Greenfield 1988; Lloveras et al. 2011; Pickering and Carlson 
2004; Reeves 2009; Saladié et al. 2009; Willey et al. 1989) have chosen to conduct 
experimental research with captive carnivores to ensure scavenging activity and bone 
recovery.  However, the experimental design used in captive carnivore studies limits the 
generalizations to natural environments derivable from their findings.  Instead, the 
present study attempts to maximize the variability and volume of carnivore activity by 
selecting a location where it is reported that a great many scavengers frequent.  Yosemite 
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Valley, CA, USA represents the ideal location for an actualistic study of this nature due 
to the diversity of fauna capable of bone modification. 
 
Yosemite Fauna 
 Yosemite Valley faunal guides list the species mentioned above as being present 
in the area, as well as black bears and bobcats (Lynx rufus).  For the purposes of this 
research, information regarding the distribution, diet, activity levels, and social ecology 
of these species are presented below.  The diverse ecosystem present in the Yosemite 
region allows for observations to be made on the behavior and succession of multiple 
carnivorous scavengers acting on a group of remains. 
 
Black Bear (Ursus americanus) 
 Black bears are large, solitary omnivores with few natural predators (Larivière 
2001).  Males on average weigh 136 to 159 kg (300 to 350 lbs.), while females weigh 91 
to 113 kg (200 to 250 lbs.) (National Park Service: Yosemite 2012).  Black bear diet 
varies with season, with individuals consuming young plants and animal carcasses in 
spring, herbs and fruits in summer, and berries and mast in the autumn (Larivière 2001).  
Additionally, nuts, grass, tree sap, and insects offer additional sources of nutrition 
(Carson et al. 2000).  Black bears may occasionally kill domestic livestock or other wild 
prey such as ungulates, but primarily they are opportunistic omnivores.  Upon reaching 
sexual maturity, all males disperse, while 95% of females remain in the same home range 
as their mother (Larivière 2001).  Average daily movements of black bears in Idaho were 
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measured between 1.4 and 1.7 km per day; however, daily movements have been 
observed to change seasonally as well as yearly in response to changes in food supply 
(Larivière 2001). 
 Black bears are the most widely dispersed of the North American bears, with 
habitats ranging across all of Canada as well as most of the United States excluding the 
southwest (Larivière 2001).  Their range also extends into parts of Mexico.  Figure 2.1 
shows the North American range of black bears.  The subspecies U. americanus 
californiensis occupies the area near Yosemite, CA.  
 
Figure 2.1. North American black bear distribution (Larivière 2001). 
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Analysis of forensic cases scavenged by black bears suggests patterns distinct 
from scavenging by canids.  The most notable difference was the relatively lower rates of 
recovery for vertebral and sternal skeletal elements in bear scavenged cases compared to 
cases scavenged by canids.  Additionally, the canid propensity to gnaw on extremities  
resulted in greater damage to the limb bones in canid-scavenged cases than those 
scavenged by bears (Carson et al. 2000).  More research is necessary in determining the 
differences between canid and ursid bone modification. 
 
Bobcat (Lynx rufus) 
 Bobcats are strict carnivores, with the majority of their diet consisting of 
lagomorphs.  In addition, rodents may be hunted and consumed opportunistically.  
Bobcats are often solitary creatures but may hunt in small family groups in the winter 
when prey is scarce.  Home ranges are also dependent on prey availability and tend to 
increase as prey becomes scarcer.  Bobcats are primarily nocturnal and tend to rest during 
the day on steep, rocky areas with sparse ground cover.  For travel, they tend to use game 
trails and low-traffic roads (Larivière and Walton 1997). 
 Bobcats are found all across North America, including Canada, the United States, 
and parts of Mexico.  They are absent only in Alaska, Hawaii, and northern Canada 
(Figure 2.2).   
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Figure 2.2. North American bobcat distribution (Larivière and Walton 1997). 
 
In addition, local extinction has occurred in areas of the Midwest, especially those areas 
where the bobcat is limited by deep snow (Larivière and Walton 1997). 
 
Coyote (Canis latrans) 
 Coyotes are opportunistic predators belonging to the canid family.  While up to 
90% of their diet can come from animal protein, they have also been known to consume 
fruits, vegetables, and miscellaneous nonfood items such as tin cans and leather boots 
(Bekoff 1977).  This is especially true in the summer months, when fruits and vegetation 
can comprise up to 80% of the coyote diet.  Additionally, in the early fall, insects make 
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up a significant portion of coyote consumption (Andelt et al. 1987).  While coyotes will 
hunt large game such as ungulates, they are equally likely to scavenge remains.  Coyotes 
and other carnivores can overlap in range but are competitively excluded in areas 
populated by wolves or mountain lions (Bekoff 1977). 
 The range of coyotes is expanding and reaches from Costa Rica to northern 
Alaska (Bekoff 1977) (Figure 2.3).  Recent research has focused on the movement of 
coyotes into suburban and urban environments and whether they represented a true 
synanthropic species attracted to urban areas specifically for the benefits offered therein.  
A study of coyotes in metropolitan Chicago, Illinois, USA, found that while coyotes were 
able to maintain home ranges that included no natural (undeveloped) areas, there was no 
evidence that coyotes were actively attracted to residential areas located within their 
home ranges (Gehrt et al. 2009).  Coyotes tend to be naturally wary in these populated 
environments, however, which can make documentation for study purposes difficult 
(Séquin et al. 2003).  In general, the distance a coyote will transport food remains is 
highly variable, and dependent on the terrain, vegetation, and other resources available 
(France et al. 1997). 
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Figure 2.3. North American distribution of the coyote (Bekoff 1977). 
 
Coyotes are cooperative pack animals which exhibit dominance relationships.  
While only one male/female pair (i.e., the alpha pair) from each pack tend to breed, the 
other members of the pack may help raise the alpha pair’s young.  These other pack 
members are usually genetically related to the alpha pair and may be previous offspring 
who have not left the pack (Bekoff and Wells 1980).  It has been observed that, when 
hunting, coyotes have formed reciprocal relationships with other predators including 
golden eagles, ravens, and badgers (Bekoff 1977). 
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Feral Pig (Sus scrofa) 
 Feral pigs are opportunistic, gregarious omnivores.  They are of particular 
environmental and agricultural concern because of their destructive rooting behavior and 
the reduction of oak growth that results from their consumption of acorns.  They also 
compete with native species for habitat and resources (Wilcox and Van Vuren 2009).  
While active predation of vertebrate species is suspected, few observations have been 
made to resolve the matter. 
 Distribution of feral pigs has been increasing steadily in the U.S.A.  Figure 2.4 
shows the distribution of feral pigs across the U.S. as of 2010, as reported by the National 
Feral Swine Mapping System (Corn et al. 2010).  These data were assembled as part of 
the Southeastern Cooperative Wildlife Disease Study to assess the potential regions of 
contact between domestic and feral pigs. 
Differences exist between canid and suid scavenging behavior, as evidenced by 
case reports and captive studies involving pig scavenging (Berryman 2002; Domínguez-
Solera and Domínguez-Rodrigo 2009; Greenfield 1988).  Pigs tend to focus initially on 
the viscera, often fracturing ribs and the sternum in the process (Berryman 2002).  
Damage caused by the rooting behavior typical of pigs has been observed.  Depending on 
the size of the remains, some skeletal elements including the limbs, lumbar vertebrae, and 
pelvis may be completely consumed or be retained only as fragmentary remains 
(Domínguez-Solera and Domínguez-Rodrigo 2009;  
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Figure 2.4. United States distribution map of feral pigs.  Gray areas represent 
scattered populations (Corn et al. 2010).  Distribution is also worldwide. 
 
Greenfield 1988).  When scavenging, flesh is preferentially removed with the incisors, 
leaving more long shovel-shaped marks on suid-scavenged remains when compared to 
the puncture marks typical of canid scavenging (Domínguez-Solera and Domínguez-
Rodrigo 2009: Figure 3; Greenfield 1988). 
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Raven (Corvus corax) 
 Ravens and many of their close relatives among the Corvidae are non-migratory 
opportunistic omnivores, but their primary mode of feeding is scavenging carrion (Gough 
2011).  While ravens tend to pay more attention to visual cues when locating food, they 
can also utilize olfactory detection if the scent is strong enough (Harriman and Berger 
1986).  In addition to the actual remains, ravens may also feed on maggots and other 
arthropods living on the carrion.  Ravens have been observed to scavenge concurrently 
with coyotes (Bekoff 1977), wolves (Kaczensky et al. 2005), and brown bears (Elgmork 
and Tjørve 1995).  In one study (Elgmork and Tjørve 1995), what was originally thought 
to be defleshing by brown bears was revealed through photography to be flesh removal 
by ravens and other scavenging birds.  It is important to note in this case that the ravens 
were able initially to penetrate the flesh of the remains, thus allowing access by other 
scavengers (Elgmork and Tjørve 1995).  In Komar and Beattie’s (1998) research in 
Alberta, Canada, ravens were not observed interacting directly with the remains but were 
present at the site.  Instead, the primary agents of avian scavenging were crows and 
magpies, also members of Family Corvidae (Komar and Beattie 1998).  The geographic 
distribution of ravens is fairly diverse, owing to their adaptability to a variety of habitats 
(Gough 2011) (Figure 2.5). 
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Figure 2.5. Summer distribution of ravens (Gough 2011).  Data for Mexico and 
parts of northern Canada were not available. 
 
Ravens are most prevalent in the Western United States, as well as southern Canada and 
New England (Gough 2011). 
 
Turkey Vulture (Cathartes aura) 
 Turkey vultures are short-distance migrators who primarily feed on scavenged 
carrion remains (Gough 2011; Kelly et al. 2007).  Overall, they tend to prefer fresher 
carrion to that in stages of advanced decay (Houston 1986).  They can be found across 
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the United States but are more abundant farther south, with the tendency to decline in 
frequency in the colder northern climes (Figure 2.6).  
 
Figure 2.6. Summer distribution of turkey vultures (Gough 2011).  Data for Mexico 
and parts of northern Canada are not available. 
Turkey vultures have a highly-developed sense of smell and often arrive at carrion 
sites within 24 hours of deposition (Buckley 1996; Houston 1986; Smith et al. 2002).  
Once they begin feeding, a group of vultures can skeletonize a roughly 60-100 lb. carcass 
in four hours (Reeves 2009).  Similar studies using human remains calculated five hours 
to reach skeletonization after the onset of vulture scavenging (Spradley et al. 2012).  
Early in the scavenging sequence, elements can become disarticulated and usually are 
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moved from higher elevations to lower elevations, likely as a deliberate behavior on the 
part of the vultures (Spradley et al. 2012). 
 
Faunal Modification 
Some prior research suggests that carnivores will leave taxon-specific or size 
class-specific tooth impressions on bones based on their individual dental arcades and 
scavenging patterns.  These are discussed below, grouped by taxon. 
 
Modification by Canids 
The specifics of the canid dental arcade and expected marks made by each type of 
tooth are elaborated on by Haglund (1997a).  Drawn from cases recovered in Washington 
State, Haglund’s original data represents the first survey of mammalian tooth marks 
specifically in the forensic literature (Haglund et al. 1988).  Typical of canid scavenging 
is the presence of a largely undamaged cranium as well as long bones exhibiting scoring 
and furrows (Haglund et al. 1988; Haglund 1997a).  This was also found to be true for 
wolves consuming large prey animal remains, with the additional note that the cranium 
may be completely consumed depending on the size/age of the prey (Haynes 1980b).  
Additionally, V-shaped marks may be left in soft tissue from the action of the canine 
teeth (Haglund 1997a).  Crania from canid-scavenged remains are usually recovered and 
exhibit minimal damage limited usually to the mastoid processes, orbits, maxillae, and 
nasal aperture (Haglund et al. 1988; Haglund 1997a).  Damage to long bones is common, 
with shafts frequently recovered exhibiting scoring, furrows, and spiral fractures 
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(Haglund et al. 1988; Haglund 1997a; Haynes 1980a; Willey and Snyder 1989).  Further, 
bone recovered from areas scavenged by dogs exhibited more gnawing and pits than 
those where coyotes were present, suggesting boredom of domestic canids (Haglund et 
al. 1988).  The amount of damage caused by canids such as wolves is also affected by 
season, but patterns are only consistent for each species in their respective environments 
(Haynes 1980a). 
 
Modification by Ursids 
Some researchers have examined the unique scavenging habits of bears (Saladié 
et al. 2011), comparing their postmortem damage patterns with those of canids (Carson et 
al. 2000; Haynes 1980a).  Saladié et al. (2011) observed the patterns of bone 
modification of brown bears in captivity and in a hunting park.  Using limb segments and 
isolated elements of fleshed and defleshed carcasses, their study showed that the amount 
of damage was related to size of the carcass.  Breakage and fractures occurred entirely on 
bones from small and medium-sized prey categories, the latter of which included pigs  
(Saladié et al. 2011).  Results of a study of human remains scavenged by bears in a 
sample of recent forensic cases by Carson et al. (2000) suggest that when compared to 
canids, bears were more likely to consume or remove vertebral elements, but the damage 
to skeletal elements was comparable.  However, as the data set for this study was rather 
small, more research is needed to assess the broad taphonomic patterns of bears 
scavenging on humans in natural settings. 
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Modification by Suids 
Greenfield’s (1988) work examining suids as carnivorous scavengers has recently 
been elaborated on in greater detail in both domestic (Berryman 2002; Domínguez-Solera 
and Domínguez-Rodrigo 2009) and wild (Domínguez-Solera and Domínguez-Rodrigo 
2009; Wilcox and Van Vuren 2009) settings.  In his original study, Greenfield (1988) fed 
partially defleshed cattle, pig, and sheep bones to domestic pigs to determine the extent of 
consumption and damage.  Pigs were observed to destroy bones differently depending on 
size and density, and the results were similar to canid-modified bone assemblages 
(Greenfield 1988).  Domínguez-Solera and Domínguez-Rodrigo’s (2009) study examined 
scavenging behavior of domestic pigs, wild boar, and domestic boar hybrids, with 
conclusions similar to those made by Greenfield (1988).  A forensic case analysis of a 
single set of remains by Berryman (2002) infers pig damage and suggests features to 
differentiate pig from canid scavenging.  Most notable were the presence of parallel tooth 
score marks assumed to be made by the central incisors of pigs.  Additionally, fractures 
to the torso indicated that scavengers opened the abdominal cavity to feed on the viscera 
within (Berryman 2002).  A study of pig stomach contents by Wilcox and Van Vuren 
(2009) suggests that pigs in the Oak Woodlands of California engage in active predation 
of vertebrate prey species, primarily during the summer and fall. 
 
Modification by Avian Scavengers 
Reeves (2009) observed vulture scavenging on pig carcasses in isolation from 
other species to identify diagnostic modifications.  Her results suggest that vultures may 
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leave slight osseous modifications as evidence of their scavenging behavior.  These 
include shallow scratches most frequently observed on the cranium and mandible, as well 
as linear surface scratches characterized by exposure of lighter underlying bone.  These 
surface scratches have little depth and as such, it is possible for them to be obliterated by 
rain or intentional cleaning.  Vultures use both their talons and beaks to grasp remains 
and gain leverage, resulting in these marks, although it is difficult to determine which 
markings are from beaks and which are from talons.  Further, vultures are likely to leave 
droppings and feathers at the site of scavenged remains, which can indicate their 
interaction if the above-mentioned marks are obliterated later by weathering (Reeves 
2009). 
 
Dental Arcade Patterns 
Murmann et al. (2006) compiled a detailed list of animal jaw and bite mark 
patterns comparing various sizes of common North American canid, ursid, mustelid, and 
felid species.  Maxillary and mandibular jaw impressions from museum specimens were 
obtained and analyzed in order to assist in investigations involving unknown animal 
bites.  Further, distances were measured between the canines at three points to compare to 
observed bite marks in soft tissue (Murmann et al. 2006).  The likelihood of finding a 
perfect sets of canine tooth mark impressions, however, is small, especially in 
skeletonized remains.  
 Several studies (i.e., Haglund et al. 1988; Haynes 1983b; Morse 1983) offer 
examples and descriptions of common carnivore tooth marks that can be used to analyze 
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bone modification in this study.  Tooth mark impressions on bone can be classified into 
four categories, as outlined by multiple authors (Binford 1981; Haglund et al. 1988; 
Haglund 1997a; Haynes 1980; Pobiner 2007).  The following definitions are derived 
from primarily from the summaries of Pobiner (2007): 
Punctures:  Circular apertures resulting from a single tooth or tooth cusp which 
penetrate the cortical layer. 
Pits:  Depressions in the bone resulting from a failure for teeth to puncture 
completely the cortical layer. 
Scores:  Long scratches created as a result of teeth being scraped along the 
surface of bone. 
Furrows:  Like scores, but with penetration of the cortical layer, often located at 
the epiphyses where the bone is mostly cancellous and impressions can be 
retained. 
 
Both pits and punctures are characterized as having a long axis no more than three 
times that of the short axis of the mark, with scores and furrows being at least three times 
as long as they are wide.  Examples of these types of modification can be seen in Pobiner 
(2007; Figures 4.1-4.2).  Pobiner (2007) also developed a coding system for levels of 
damage that varies by skeletal element.  In analyzing postmortem modification of bone, it 
is important to establish both the actor (animal responsible for the marks) and effector 
(cause of the marks, i.e., canine tooth, molar, or claw) (Blumenschine et al. 1986).  
Additionally, Blumenschine et al. (1986) theorized that the amount of visible, identifiable 
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tooth marks may be inversely proportional to how much the bone has been gnawed by 
carnivores.  This is because much of the area that would bear obvious tooth marks, such 
as articular ends, areas of attachment, and epiphyses, are no longer present. 
 
Disarticulation Sequence and Dispersal 
 In addition to leaving tooth marks on bone, carnivores also disarticulate and 
scatter skeletal remains.  Haglund et al. (1989) outlined five stages of disarticulation from 
their research in the Pacific Northwest (U.S.A.): 
1) Early removal of soft tissue, especially around the throat and face, with no 
disarticulation. 
2) Destruction of the ventral thorax and abdomen including evisceration and removal 
of one or both upper extremities. 
3) Removal of one or both lower extremities, including the pelvic region and/or 
distal spine. 
4) All skeletal elements disarticulated (except for vertebrae) and 
scattered/consumed. 
5) Complete disarticulation with few elements recovered. 
Regardless of carnivore size or species, the stages of disarticulation tend to be the same 
(Toots 1965; Blumenschine 1986; Haglund et al. 1989; Hill 1979; Kjorlien et al. 2009; 
Willey and Snyder 1989), since they tend to proceed from the most easily accessed and 
consumed portions to the least.  However, it is important to note that the previous studies 
looked at primarily large carnivores and complete disarticulation and dispersal (Stage 5) 
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may not occur if small carnivores are incapable of transporting bone away from the site 
of deposition.  Therefore, disarticulation and dispersal patterns depend on the species of 
scavenger and the size of the remains.   
When remains are scattered in a non-random pattern, skeletal elements can often 
be recovered along game trails and away from human activity (Kjorlien et al. 2009; 
Ricketts 2013).  However, scavenging by non-terrestrial carnivores (e.g., vultures) may 
alter the predictability of dispersal patterns (Reeves 2009; Spradley et al. 2012).  This 
emphasizes the finding of Lloveras et al. (2011) that taphonomical analysis cannot be 
limited to a few isolated parameters but instead must consider all variables to determine 
the most likely actor. 
 
Scavenging and Decomposition 
 When examining an outdoor scene, it is important to consider all the taphonomic 
factors that may have acted on the remains.  Factors that can affect the rate and patterns 
of decomposition apart from scavenging include temperature, humidity, amount of 
exposure to the elements, soil composition, and arthropod activity (Aturaliya and 
Lukasewycz 1999; Goff 1993).  Concerning insect succession, Goff and Flynn (1991) 
have developed standards of estimating the postmortem interval using insect rates of 
development and succession patterns.  This was later elaborated on with the application 
of Accumulated Degree-Day (ADD) measurements to decompositional research (Adlam 
and Simmons 2007; Amendt et al. 2007; Oliveira-Costa and Mello-Patiu 2004; Megyesi 
et al. 2005).  However, a recent study has shown that some scavengers can remove flesh 
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without damaging the skeletal remains, thus mimicking an arthropod-caused defleshing 
(Dr. Marcella Sorg, pers. comm.).  It is important in these cases to look for a 
decomposition island, or the discoloring of the ground surface caused by decomposition 
fluids.  If no decomposition island is present, the remains either did not decompose (i.e., 
were defleshed by scavengers) or were moved after decomposition occurred, although it 
is possible for the decomposition island to be obscured by other natural factors such as 
precipitation (Carter et al. 2007).  Therefore, the application of ADD should be used with 
caution, and only in cases where it can be conclusively shown that extensive flesh 
removal by scavengers did not occur (Dr. Marcella Sorg, pers. comm.). 
 Additional decompositional research has been conducted recently in order to 
better understand various factors, including the effects of fresh and salt-water 
environments (Brooks 2013; Westling 2012), insect succession (Barretta 2012, Decota 
2011), and trauma (Chang 2013; Smith 2012; Sporrer 2012). 
 
Pigs as Human Analogs 
The use of pigs as human analogs has been thoroughly studied and shown to be 
acceptable for scientific research when human remains are not available or feasible to use 
(i.e., Kjorlien et al. 2009; Reeves 2009).  In an early study by Payne (1965), numerous 
species were used to establish the best research animal for observing decompositional 
processes.  After numerous trials using amphibians, rodents, dogs, cats, chickens, and 
rabbits, the juvenile pig was chosen because of the lack of fur and feathers and relatively 
large size (Payne 1965).  Since that time, pigs have been adopted as the standard for 
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forensic studies attempting to be generalizable to humans due to their similar fat 
distribution, lack of fur, and omnivorous diet (Reeves 2009; see also Goff 1993).   
However, there is some inherent difficulty in comparing pigs to humans.  First, a 
pig approximating the mass of a human (around 150 lbs. or 68 kg.) will not be fully 
mature and may have unfused epiphyses (Caleb Sehnert, pers. comm.).  This can alter the 
skeletal element recovery data and introduce additional variables that cannot be 
accounted for at the start of the study.  Second, pig limbs are structurally very different 
from those of humans by virtue of their quadrupedalism.  As such, it has been suggested 
that the limb scores in TBS calculations are not accurate when applied to pigs and should 
not be included (Dr. Marcella Sorg, pers. comm.).  Other research has suggested the use 
of pigs to approximate only the human torso, with a 50 lb. pig being equivalent to an 
adult male torso (Catts and Goff 1992; Dillon and Anderson 1995).  These considerations 
have been incorporated into the research design and were addressed as necessary. 
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CHAPTER 3:  METHODS 
Location of Research 
 The research site is a private residence in the Yosemite Valley in Raymond, CA, 
approximately 15 miles from Yosemite National Park (Figure 3.1) and part of the greater 
park area ecosystem.  Raymond is an unincorporated community in Madera County with 
an elevation of 289 m (948 ft.).  Weather data including daily temperatures and humidity 
were collected from the Metcalf Gap weather station, located 11.96 km from the research 
site at an altitude of 950 m (3118 ft.).  From May through July 2012, weather station data 
shows a high temperature of 39° C (103° F) and a low temperature of 4° C (40° F) with 
an average of 24° C (74.6° F).  The average humidity ranged from 9% to 99%, and the 
total rainfall was 1.6 cm (0.63 in.) during the study period.  The property encompasses 
100 acres of land, some of which is surrounded by poorly maintained barbed wire fencing 
easily passible by animals (Figure 3.2).  Figure 3.3 shows an overview of the property 
with the location of the research in relation to the surrounding buildings, as well as the 
location of the three Study sites. 
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Figure 3.1. Location of property.  Point “A” indicates residential address, shown in 
proximity to Yosemite National Park (in green) (Google Maps 2011). 
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Figure 3.2. Approximate boundaries of property.  Residential address is marked by 
point “A” (Google Maps 2011). 
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Figure 3.3. Overview of property with locations of study sites.  Chowchilla River is 
outlined in blue, barbed-wire fences are indicated by dashed lines, and the orange 
line marks the dry creek ravine.  The star shows the location where the radio 
tracker from Pig 3 was recovered (Google Maps 2012). 
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Major flora on the property near the research area include black oak trees 
(Quercus kelloggii), blue oak trees (Q. douglasii), canyon oak trees (Q. chrysolepis), and 
interior oak trees (Q. wislizeni).  There are also ponderosa pines (Pinus ponderosa) and 
gray pines (P. sabiniana), as well as Manzanita (Arctostaphylos sp.) and a variety of 
other shrubs.  Grasses in the immediate area of the pigs include various species of thistle 
(Asteraceae sp.) and wheat (Triticum sp.).  Elsewhere on the property are cottonwood 
trees (Populus fremontii) and a single black walnut tree (Juglans nigra) that was planted 
some time around the 1930s and was observed to be a common rooting site for the wild 
pigs in the area (Roderick Robertson, pers. comm.).  The property also encompasses 
rolling hills, dry gullies, and portion of the East Fork of the Chowchilla River, which is 
formed by the confluence of several small streams in the Sierra National Forest.  This 
location provided a unique opportunity for multiple species to scavenge the remains in as 
close to a natural setting as possible.  A written release of liability waiver was obtained 
from the landowner before the commencement of the study. 
 
Use of Research Pigs 
 This study used domestic pigs to represent human remains of comparable size and 
mass.  The pigs were obtained from University of California, Davis’ Swine Teaching and 
Resource Center and slaughtered at the UC Davis Meat Laboratory on May 22, 2012.  
Between 10:45 AM and 11:30 AM, the pigs were stunned using electric prongs applied to 
either side of the neck, then hoisted up by a chain from the hind leg and exsanguinated 
until dead.  Blood from the first several pigs was collected in a bucket to be taken to the 
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research site.  No anticoagulant was used in order to eliminate the possibility of an 
unnatural additive deterring carnivores.  Because the students at the Meat Laboratory do 
not usually get to practice the killing blow on pigs when they will be FDA certified, the 
instructor Caleb Sehnert allowed them to practice on the pigs used in this research.  As a 
result, the neck wounds were large and gaping, and unable to be sutured before placement 
in the field.  The researcher departed from the facility at 12 PM after loading and 
strapping the pigs into a truck.  Because the drive from Davis, CA to Raymond, CA took 
approximately four hours, precautions were taken to ensure that insect activity did not 
affect the pigs significantly until they were placed in the field.  All eight pigs were 
wrapped in plastic garbage bags before leaving the Meat Laboratory and were completely 
covered with tarps in the back of the truck used to transport them.  This allowed for all 
potential insect and carnivore activity to begin simultaneously, as it would in a forensic 
scenario. 
In total, eight pig carcasses were used in this study.  They ranged in size from 120 
to 139 lbs (120, 121, 121, 127, 134, 135, 137, and 139 lbs) at the time they were 
slaughtered.  This size range was chosen to approximate most closely a mass consistent 
with human remains.  However, because domestic pigs can grow to several hundred 
pounds, the pigs used in this study were juveniles, and thus had numerous unfused 
epiphyses.  If the pigs had been fully-grown, these data would not be comparable to that 
of humans, except perhaps those who were medically classified as obese.  Future 
dispersal research should determine the difference in dispersal between adult and juvenile 
pigs. 
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Long-Term Study 
Location at Site 
The first two carcasses, identified as A and B, were placed in a clearing on the 
opposite side of a ravine containing a dry creek bed.  This location was chosen because 
the presence or absence of the pigs could still be determined from a distance without 
disturbing them or continually introducing human scent to the area.  Tall grasses in the 
clearing obscured the specific state of the remains.  The pigs were marked with flags 
positioned at the snout and tail to be able easily to identify significant movement of the 
carcasses.   
 
Design of Study 
Pigs A and B were left undisturbed in their location for six weeks, the first two 
weeks of which observations were made from a distance using binoculars.  This was done 
once a day in the morning.  While this observation did not reveal specific scavenger 
activities, it suggested whether the remains had been removed or significantly disturbed.  
Two Bushnell Game Cameras were also placed in nearby trees to document the 
scavenging of the remains.  Unfortunately, these cameras were positioned too high on the 
trees, and the angle was not suitable for observing the pigs during the study period.  
Despite this, numerous scavengers were photographed in the vicinity of the remains, and 
some show skeletal elements being transported in view of the camera.  Analysis of tooth 
marks, feathers, and scat left at the site was also used to determine the extent of 
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scavenger activity in the area.  After two weeks, the pigs had collapsed into the ground 
and were no longer observable above the grass when viewed from the other side of the 
ravine with binoculars.   
 
Collection and Documentation 
After the six-week period, a thorough line search was undertaken to determine the 
extent of the scatter by carnivores, up to a 150m radius except for where the terrain was 
impassible.  After all skeletal material was identified and marked with flags, locations of 
individual elements were manually mapped on a grid relative to a fixed datum point 
representing the location of camera A (Dupras et al. 2006).  The skeletal elements 
identified were then collected in bags grouped and labeled by general location.  These 
were examined in the same manner as the Short-Term Study, discussed below. 
 
Short-Term Study 
Location at Site 
The remaining six pigs, numbered 1-6, were placed in a mowed clearing located 
further down on the edge of the same dry creek bed and at the intersection of several pre-
established game trails.  The carcasses were placed less than one meter apart and, while 
this is not usually a natural occurrence, was done in an effort help to draw scavengers 
into a centralized location where they could be documented, while attempting to reduce 
competition between species fighting over a single isolated carcass. 
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Design of Study 
During the first two weeks of the study, daily observations were made regarding 
the extent of scavenger activity, including photographs and a notation of the stages of 
disarticulation for each carcass, as outlined in Haglund et al. (1989).  Decomposition 
stage as measured by Total Body Score (TBS) was also recorded daily (Megyesi et al. 
2005).  TBS is a measure of decompositional change, which divides the body into three 
regions (head/neck, trunk, and limbs) and uses a descriptive scale to assign a number to 
each phase of decomposition.  These numbers are then added together to generate a 
composite score for decomposition.   
Additionally, three Bushnell motion-sensitive cameras designed for game 
scouting were secured in the area to capture images of scavenger activity from multiple 
angles.  These were used to determine what kind of animals frequented the carcasses, 
what areas on the carcasses they targeted, and how they scavenged the remains.  Tooth 
mark analysis was also used to determine the presence of specific carnivores when it was 
available.  Unfortunately, the dry environment precluded any footprints from being 
found, and no scat was observed in the area.   
The carcasses were placed in alternating shade to slow the progression of 
decomposition that can occur in such high summer temperatures, while still allowing the 
remains to be observable to turkey vultures and other birds flying overhead.  Initially, 
carcasses were going to be left for two weeks and then collected, but minimal carnivore 
activity prompted the decision to not collect and macerate the remains after the initially 
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proposed two-week period.  Instead, the remains were left for an additional three weeks 
undisturbed, during which time a majority of carnivore activity took place.  
To safeguard against the possibility of entire carcasses being removed by bears or 
other large scavengers, radio trackers were inserted into the hind limb at the left femur of 
Pigs 3, 4, and 6.  Suturing of the sites of insertion was attempted, but due to insufficient 
materials this was not possible.  These radio transmitters can be tracked over long 
distances.  
 
Collection and Documentation 
 All skeletal elements that were moved from their original positions were 
photographed and mapped relative to the original site of deposition.  Additionally, all 
bones protruding from the carcasses that exhibited evidence of scavenging (including 
displacement and tooth marks) were documented and collected.  After removing the 
minimal amount of remaining flesh manually, the bones were examined using a 10x hand 
lens for any alterations, including tooth marks or beak and/or talon marks (as found in 
Reeves 2009).  Data, including number and kind of marks present on each recovered 
bone, were recorded using conventions from Pobiner (2009).  The most prominent of 
these marks were photographed and will be discussed below.  The remaining skeletal 
elements were left in their original locations for extended taphonomic research. 
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Long Bone Study 
Materials 
In addition to whole pig scavenging, 30 partially fleshed cattle (Bos taurus) 
femora (29 fused, one unfused) were used to collect scavenger tooth marks.  These were 
obtained commercially in the local area.  Each femur was examined for marks from 
human butchery, and any such marks were recorded prior to deposition.  The most 
common of these were straight cuts across the posterior aspect of the femoral head, as 
well as cut marks along the distal articular surface.   
 
Design of Study 
The femora were secured around the distal end with 3/16” cable ties and attached 
using 1/16” gauge wire to rebar hammered into the ground.  Three sets (A-C) of six 
bones (for a total of 18) were placed in the field and collected during the course of the 
experiment.  The first set, called Trial A, was placed on May 23rd, and was collected five 
days later on May 28th, when Trial B was placed.  Trial B was collected 10 days later, on 
June 7th and Trial C was placed.  Trials A and B were observed daily, but Trial C was 
left undisturbed until July 2nd when this portion of the project was concluded.  Trial D 
was placed at this time and will be examined in approximately one year to determine the 
effects of long-term scavenging and weathering.  The remaining 6 bones were given to 
domestic dogs of varying sizes and breeds to form a basis of comparison to the wild 
carnivores.  Of these, three were recovered. 
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Collection and Documentation 
After collection, the bones were stored in a shed until they were able to be boiled 
to remove all remaining flesh.  Because of the extreme heat at the research site, some of 
the bones exhibited linear cracking associated with high temperatures.  This modification 
is easily identifiable from that caused by carnivores. Nawrocki et al. (1997) has 
suggested boiling as a means to deflesh bone as being superior to the use of no heat or 
low-heat methods, beetles, and caustic chemicals.  After boiling, the bones were quickly 
removed from the water, and the remaining soft tissue was removed with wooden dowels 
and water so as not to introduce any additional marks.  All bones were examined using a 
10x hand lens, and evidence of carnivore behavior was recorded in similar fashion to the 
other studies.  
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CHAPTER 4:  RESULTS 
Long-Term Study 
Game Photography 
 For the long-term study, 218 photographs were taken.  The position of the camera 
did allow for photographic documentation of the animals visiting the pigs, discussed 
below.  Photographs from Camera A taken on Day 32 (June 23rd) show a soft tissue/bone 
mass being moved by a coyote over a 10 minute period (Figure 4.1).  
 
Figure 4.1. Coyote (circled in red) and tissue mass (arrow) from Long-Term Study 
Pigs A and B, Day 32 (June 23rd). 
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By this time in the study, the pigs had been in the field for 32 days, and had already been 
visited on numerous occasions by coyotes and turkey vultures. 
 
Faunal Behavior 
 Three species of scavengers were documented near the pig remains:  turkey 
vultures, ravens, and coyotes.  Table 4.1 shows the feeding times and maximum 
individuals recorded for each species.  The values presented for total time were estimated 
from the time stamps on the photographs, and interactions less than one minute in 
duration were rounded up to one minute.  Given the improper placement of the cameras, 
it was possible that carnivores could have approached and fed on the remains without 
being caught on camera. 
  
Table 4.1. Faunal Observational Data for Pigs A and B (Long-Term Study). 
Species 
Number of 
Occurrences 
Total 
Time 
hr/min 
Maximum 
Present 
Coyote 48 2:32 4 
Raven 3 0:51 1 
Turkey Vulture 10 3:48 4 
 
The first recorded observation of a scavenger in the area, in this case a coyote, occurred 
at 5:57 am on Day 2 (May 24th), around 36 hours after deposition.  Coyote scavenging 
continued until just after midnight on Day 41 (July 2nd), the day the remaining skeletal 
elements were collected.  In general, coyotes visited the site more frequently but stayed 
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for shorter periods.  The maximum number of coyotes observed in a single photograph 
was four individuals, on Day 32 (June 23rd) at 2:35 am (Figure 4.2). 
Turkey vultures visited the sites less frequently, but for longer periods.  Their 
involvement with the remains took place between Day 14 and Day 20 (June 5th and June 
11th), two weeks after the pigs had been placed in the field.  No more than four turkey 
vultures were observed in a single photograph.  The occurrence of a single raven 
coincided with the first few days of turkey vulture activity, and the two species were 
observed on several occasions in the same photograph (Figure 4.3).  The raven was 
observed on three separate occasions between Day 14 and Day 17 (June 5th and June 
8th), but no more than one raven was documented in a single photograph. 
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Figure 4.2. Four coyotes (circled in red) observed in vicinity of Long Term Study 
Pigs A and B, Day 14 (June 23rd). 
 
Skeletal Element Recovery 
 The number and categories of skeletal elements recovered from the Long-Term 
Study are presented in Table 4.2.  These elements were compared to the quantities 
expected from two pigs.  Epiphyses were not included in these counts because the ages of 
the pigs were unknown and it could not be determined which epiphyses were fused at the 
time of death.  However, based on comparative faunal collections it can be assumed that 
most epiphyses were present.  Minimum number of individuals (MNI) was calculated 
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from the minimum number of elements (MNE) from within that element group.  For 
example, an MNI of two was recorded for the categories Long Bones and All 
Appendicular Bones, because two left tibias were recovered.  The expected element 
counts were collected from Hillson (1992). 
 
Figure 4.3. Four turkey vultures (circled in red) and a raven (arrow) in the vicinity 
of the Long Term Study Pigs A and B, Day 15 (June 6th). 
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Table 4.2. Skeletal Recovery Data for Pigs A and B (Long-Term Study). 
Element Group 
Number 
Expected 
(per pig) 
Number 
Expected 
(Total) 
Number 
Recovered % MNI 
Cranium/Mandible 2 4 3 75% 2 
Vertebrae* 54 108 28 27% 2 
Ribs 30 60 39 65% 2 
Long Bones 12 24 8 33% 2 
All Appendicular 
Bones  
(inc. Long Bones) 116 232 13 6% 2 
*Number of expected vertebrae was found by calculating the average from the ranges 
provided (Hillson 1992) 
 
The highest percentage of elements recovered came from the cranium/mandible 
category, with both crania and one mandible recovered.  Because no carpals, metacarpals, 
metatarsals, nor phalanges and only one tarsal (a left calcaneus) were recovered, the 
percentage of recovered items for the appendicular skeleton is markedly low.  However, 
when considering just the long bones (humerus, radius, ulna, femur, tibia, and fibula), the 
percentage recovered rises to 33%.  In addition, all four scapulae were found during the 
recovery phase. 
 
Dispersal 
 After all skeletal elements had been identified and marked with flags, the 
Cartesian coordinates for each element or group of elements collected were documented 
and mapped on a scatter plot using Microsoft Excel (Figures 4.4 and 4.5).  Topographic 
data were not recorded due to insufficient instrumentation and a lack of significant 
variations in altitude within the study area.  The map shows the dispersal of elements 
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grouped by type (cranium/mandible, vertebrae, ribs, or appendicular elements), as well as 
the original locations of the two pigs and cameras.  Camera A also served as the datum 
point for mapping purposes.  Note that some of the points were mapped around element 
clusters. 
Statistical analysis of the distances traveled by groups of skeletal elements 
revealed significant differences.  Linear distances were calculated between each element 
and a midpoint located between the four points that make up the heads and tails of Pigs A 
and B.  Distances traveled was found to be normally distributed for each group of skeletal 
elements with α < 0.05 using a Shapiro-Wilk test for normalcy.  The exception to this 
was the All Appendicular Bones group, with p = 0.001.  Independent, 2-tailed t-tests 
were then calculated between each group of skeletal elements.  Calculated average 
distances and statistical significance between groups are presented in Tables 4.3 and 4.4.  
For the t-test, the null hypothesis states that there is no difference in distance traveled 
between element groups.  The null hypothesis was rejected if α < 0.05.  
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Figure 4.4.  Dispersal of skeletal elements in vicinity of deposition site for Pigs A and 
B.  Note decomposition islands indicating original location.  Flag colors are 
arbitrary. 
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Figure 4.5.  Scatter map of Pigs A and B (scale in meters). 
 
Table 4.3.  Average Distances of Element Groups (Long-Term Study). 
Group Average Distance (m) Number of Elements/Clusters 
A Cranium/Mandible 13.95 3 
B Vertebrae 3.69 21 
C Ribs 2.87 29 
D Long Bones 7.49 6 
E All Appendicular Bones 8.29 16 
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Table 4.4.  T-Test of Element Groups for Significant Difference (Long-Term Study). 
Group Pairings p Significance (α < 0.05) 
A+B 0.0000 Yes 
A+C 0.0000 Yes 
A+D 0.1909 No 
A+E 0.1647 No 
B+C 0.1838 No 
B+D 0.0401 Yes 
B+E 0.0046 Yes 
C+D 0.0022 Yes 
C+E 0.0001 Yes 
 
 The results of the t-tests show significant differences between groups of elements.  
Specifically, the cranium/mandible group was statistically higher in dispersal distance 
when compared to the rib group.  The vertebrae group was lower than the appendicular 
bone group, as well as the group containing only long bones.  The rib group dispersal was 
also statistically lower than both the appendicular and long bone groups.  Appendicular 
and long bone groups were not compared, because the bones in the long bone group 
represented a subset of the appendicular group.  These groupings were established 
because of the differing shapes between long bones and irregular appendicular bones 
such as the scapula.  Distances of those epiphyses that could be identified as appendicular 
were included in the appendicular bone category of the dispersal, despite their exclusion 
from the MNI calculations.  However, they were not included in the long bone category 
because of their irregular shape when unfused. 
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Bone Modification 
 Bones from the Long-Term Study exhibited all four categories of tooth marks 
(punctures, pits, scores, and furrows) as described in Pobiner (2007).  In addition, many 
bones were gnawed on one or more margins.  Using the conventions of Pobiner (2007), 
gross bone damage refers to any degree of gnawing, fragmentation, and fracture besides 
tooth marks.  Types of modification are presented on Table 4.5.  
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Table 4.5. Skeletal Modification Counts by Element (Long-Term Study). 
Element Puncture Pit Score Furrow Gross Bone Damage 
Cranium 1 2 0 0 Yes 
Left Zygomatic 1 3 0 0 Yes 
Axis (C2) 0 0 0 0 Yes 
Axis (C2) 0 0 0 0 Yes 
Cervical Vertebra 3 0 0 0 No 
Thoracic Vertebra 0 0 0 0 Yes 
Thoracic Vertebra 0 0 0 0 Yes 
Thoracic Vertebra 0 0 0 0 Yes 
Thoracic Vertebra 0 0 0 0 Yes 
Right Rib 0 0 0 1 Yes 
Right Rib 2 3 0 0 No 
Right Rib 0 0 1 0 Yes 
Right Rib 0 0 0 0 Yes 
Right Rib 0 0 0 0 Yes 
Left Rib 0 0 0 0 Yes 
Left Rib 0 0 0 0 Yes 
Left Rib 0 3 0 0 Yes 
Left Rib 0 0 0 0 Yes 
Left Rib 0 0 0 0 Yes 
Right Scapula 8 6 0 4 Yes 
Right Scapula 6 5 4 1 Yes 
Left Scapula 6 0 3 0 Yes 
Left Scapula 5 1 0 1 Yes 
Right Humerus 0 0 1 0 Yes 
Left Humerus 2 1 3 0 Yes 
Left Femur 3 0 3 1 Yes 
Tibia Shaft  0 0 0 0 Yes 
Epiphyses (4)  15 10 4 1 Yes 
TOTAL % 45.6 29.8 16.7 7.9 
  
 Examples of definitive tooth marks from bones of the Long-Term Study are 
presented in Figures 4.6 to 4.13. 
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Figure 4.6.  Right pig scapula from Long-Term Study.  Note the tooth punctures 
(circled in red) at the glenoid as well as bone destruction of the blade (frayed margin 
on the right). 
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Figure 4.7.  Close-up of tooth punctures on scapula from Figure 4.6. 
  58 
 
Figure 4.8.  Left pig unfused femur from Long-Term Study.  Note the pit (circled in 
red) at distal end. 
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Figure 4.9.  Close-up of the tooth pit on femur from Figure 4.8. 
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Figure 4.10.  Left unfused pig humerus from Long-Term Study.  Note the tooth 
score (circled in red) at midshaft. 
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Figure 4.11.  Close-up of the tooth score on humerus from Figure 4.10. 
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Figure 4.12.  Left unfused pig tibia from Long-Term Study.  Note the tooth furrow 
(circled in red) at one end. 
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Figure 4.13. Close-up of the tooth furrow on tibia from Figure 4.12. 
 
In addition to modification of appendicular skeletal elements, damage observed on the 
crania of this study included gnawed nasal bones, mastoid processes, and zygomatic 
processes.  Modification of the mandible recovered exhibits damage to the vertical rami. 
 
Short-Term Study 
Game Photography 
 In total 50,247 photographs were collected from Cameras 3, 4, and 7.  Camera 7 
began malfunctioning after four days and was removed from the field.  These cameras 
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documented the carnivore activity from multiple angles (Figures 4.14 and 4.15) and 
allowed for accurate counts of site visits.  
 
Figure 4.14.  View from Camera 3, 14 hours after placement in field (Short-Term 
Study). 
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Figure 4.15.  View from Camera 4, 10 minutes after placement in field (Short-Term 
Study). 
 
In addition, during the first two weeks of the study, daily photographs were taken of each 
pig as it progressed through the decomposition process.  These are available from the 
author upon request. 
 
Decomposition 
 Decompositional data were recorded for the first two weeks of the Short-Term 
Study.  This included temperature, humidity, rainfall, and decomposition stage using the 
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Megyesi et al. (2005) method for Total Body Score.  These results are presented in Table 
4.6. 
 
Table 4.6.  Total Body Score for Short-Term Study Pigs by Day. 
Day Date Pig 1 Pig 2 Pig 3 Pig 4 Pig 5 Pig 6 
Day 0 5/22/12 3 3 3 3 3 3 
Day 1 5/23/12 5 5 5 5 5 5 
Day 2 5/24/12 9 10 8 11 11 10 
Day 3 5/25/12 10 10 9 11 11 11 
Day 4 5/26/12 11 12 9 11 11 11 
Day 5 5/27/12 11 13 11 12 12 11 
Day 6 5/28/12 14 15 12 13 13 12 
Day 7 5/29/12 16 16 15 16 15 15 
Day 8 5/30/12 18 16 16 17 17 16 
Day 9 5/31/12 18 18 17 18 18 17 
Day 10 6/1/12 19 19 18 20 19 20 
Day 11 6/2/12 19 19 19 21 20 20 
Day 12 6/3/12 20 20 19 21 21 20 
Day 13 6/4/12 20 20 20 21 21 20 
Day 14 6/5/12 20 20 20 21 21 20 
Day 15 6/6/12 20 20 21 21 21 20 
 
Faunal Behavior 
 The fauna documented during the Short-Term Study include coyotes, wild pigs, 
quails (Callipepla californica), an owl (Strigiformes), a turkey vulture, and a bobcat.  
Only the coyotes and wild pigs interacted directly with the remains, and carnivore 
modification did not occur until Day 14 (June 5th).  After the pigs were no longer being 
observed on a daily basis, carnivore activity increased, with pigs and coyotes often 
coming in shifts to feed multiple times throughout the night.  Scavenger data for the 
Short-Term Study is presented in Table 4.7. 
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Table 4.7.  Faunal Observational Data for Pigs 1-6 (Short-Term Study). 
Species 
Number of 
Occurrences 
Total 
Time 
Maximum 
Present 
Modified 
Remains? 
Coyote 46 4:55 1 Yes 
Pig 17 4:39 1 Yes 
Turkey Vulture 1 0:04 1 No 
Bobcat 1 0:02 1 No 
Owl 1 0:29 1 No 
Quail 1 0:01 12 No 
 
 Carnivores feeding on remains at the Short-Term Site tended to come in shifts, 
with no more than one animal documented by the camera in a single frame.  Often, 
coyotes and pigs would both come multiple times in a night, sometimes within a few 
minutes of each other.  For the pigs, size differences indicated more than one individual 
feeding on a single night.  The coyotes tended to drag remains away from the site and off 
into a nearby dry creek ravine, while the pigs fed in place.  The order of feeding 
preference for Pigs 1-6 tended to move from closest to the game trails originating in the 
dry creek ravine to farther away.  Pig 3 was the first to be scavenged, and was dragged 
over the edge and into the ravine.  Pig 2 was scavenged, and the hindquarters were 
separated and moved.  Pig 5 was also fed upon, primarily by the wild pigs. 
 
Dispersal 
 Coordinates were also recorded for the Short-Term Study.  The data collected 
reflect the position of the skeletal elements on Day 35 (June 26th), the day when the 
Short-Term Study was completed.  When possible, elements were associated with the 
pigs from which they came, as was the case with the hindquarters of Pig 2, which were 
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detached and transported to near the original location of Pig 3.  Figure 4.16 shows the 
dispersal of elements associated with Pigs 1-6.  Solid lines show the original locations of 
the six pigs.  Note that Pig 3 was removed during the course of the study over the night of 
Day 18 (June 9th) to the early morning of Day 19 (June 10th) by a coyote (Figure 4.17).  
This took place two days after daily observations and site visits had ceased.  The map in 
Figure 4.18 shows dispersal of all recovered elements, many of which not adjacent to the 
remains were located in the dry creek ravine next to the site of the Short-Term Study. 
 Figure 3.3 shows the location where the radio transmitter from Pig 3 was 
recovered.  It was located approximately 91 m (300 ft.) away on the other side of the 
barbed-wire fence and on the area above the dry creek ravine.  It was located on a game 
trail, but no skeletal elements or soft tissue could be located nearby.  Additionally, there 
was no soft tissue adhering to the tracker, compared to the trackers removed from the 
remaining pigs which had to be cleaned with a stiff bristle brush. 
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Figure 4.16.  Close-range dispersal of skeletal elements at Short-Term Study (in 
meters). 
 
Element Recovery and Bone Modification 
 After mapping, elements were collected that had been separated from the pig 
remains and were no longer in situ.  In addition, skeletal elements still in articulation but 
exhibiting carnivore modification were also collected.  This included exposed ribs and 
some long bones, specifically those modified by the pigs.  An analysis of the types of 
marks present on the bones collected is presented in Table 4.8. 
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Figure 4.17.  Coyote removing Pig 3 from Short Term Study research site, Day 18 
(June 9th). 
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Figure 4.18.  Dispersal of all skeletal elements from Short-Term Study (in meters).  
Scattered Elements (black) likely represent material from Pig 3. 
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Table 4.8.  Skeletal Modification Counts by Element (Short-Term Study). 
Element Location Puncture Pit Score Furrow 
Gross Bone 
Damage 
Left Rib Pig 2 0 0 0 0 Yes 
Left Rib Pig 2 3 0 0 0 Yes 
Left Rib Pig 2 0 0 0 0 Yes 
Left Rib Pig 3 2 0 0 0 Yes 
Right Femur Pig 4 1 2 2 0 No 
Right Rib Pig 4 0 0 1 0 Yes 
Left Humerus Pig 4 0 0 3 0 No 
Manubrium Pig 4 1 0 0 0 No 
Rib (fragment) Pig 4 0 0 0 0 Yes 
Left Tibia Game Trail 2 2 2 0 Yes 
Left Humerus Game Trail 3 5 1 1 Yes 
Left Femur Game Trail 3 3 2 2 No 
Left Scapula Game Trail 0 8 0 1 Yes 
Left Tibia (shaft) Game Trail 0 1 0 0 Yes 
Cervical Vertebra Game Trail 2 0 0 0 Yes 
Cervical Vertebra Game Trail 0 3 0 0 Yes 
Fragment Game Trail 0 0 0 0 Yes 
Vertebral Body Game Trail 2 5 2 0 No 
Ischium Game Trail 3 8 2 0 Yes 
TOTAL % 28.2 47.5 19.2 5.1 
  
The bones that exhibited the greatest amount of modification were those found 
along the game trail down the slope of the dry creek ravine.  Although a few vertebrae 
were found, the majority of elements located along the game trail came from the axial 
skeleton, most probably of Pig 3.  Modified elements collected from near the remains 
were most often ribs, as well as occasional long bones.  Not included on this list are 
elements found nearby or removed from situ but not exhibiting signs of carnivore 
modification. 
  73 
 Examples of definitive tooth marks from bones of the Long-Term Study are 
presented in Figures 4.19 to 4.26. 
 
 
Figure 4.19.  Unfused left pig femur from Short-Term Study.  Note the tooth 
puncture (circled in red) near the epiphysis. 
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Figure 4.20.  Close-up of the tooth puncture (arrow) on femur from Figure 4.19. 
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Figure 4.21.  Left unfused pig tibia from Short-Term Study.  Note the tooth pits 
(circled in red) near one epiphysis. 
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Figure 4.22.  Close-up of tooth pits (arrows) on an unfused tibia from Figure 4.21. 
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Figure 4.23.  Left unfused pig tibia from Short-Term Study.  Note the tooth scores 
(circled in red) on distal shaft. 
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Figure 4.24.  Close-up of tooth scores on tibia from Figure 4.23. 
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Figure 4.25.  Left unfused pig humerus from Short-Term Study.  Note the tooth 
furrow (circled in red) near one end. 
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Figure 4.26.  Close-up of tooth furrow (arrow) on humerus from Figure 4.25. 
 
Long Bone Study 
Game Photography 
 The Long Bone Study used two game cameras, designated Cameras 1 and 2, to 
document the faunal behavior at the site.  These motion-sensitive cameras recorded a 
total of 17,264 photographs of Trials A through C of the Long Bone Study.  Of these, 
5,628 were taken during Trial A, 7,321 were taken during Trial B, and 4,315 were taken 
during Trial C.  Unlike the other two trials, scavenger activity of some sort was recorded 
consistently throughout the trial, despite daily visits to the site for observation.  Figures 
4.27 and 4.28 show the orientation of the two cameras, placed so as to capture activity 
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from all areas.  The northern border of the area was bounded by a barbed wire fence, on 
which the cameras were mounted. 
 
Figure 4.27.  View from Camera 1, two hours after placement (Long Bone Study, 
Trial A). 
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Figure 4.28.  View from Camera 2, two hours after placement (Long Bone Study, 
Trial A). 
 
Faunal Behavior 
 The first scavenger to visit the site for Trial A was a coyote approximately 21 
hours after the bones were placed in the field.  However, there was no direct interaction 
with the remains until ravens arrived on May 25th, two days after the trial began.  Turkey 
vultures arrived not long after and were present intermittently each day throughout the 
rest of Trial A.  Coyotes continued to visit the site but did not modify the remains.  A 
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deer was also observed in proximity to the bones but moved along quickly.  Table 4.9 
shows the total scavenger activity for Trial A. 
 
Table 4.9.  Faunal Observational Data for Long Bone Study, Trial A. 
Species 
Number of 
Occurrences 
Total 
Time 
Maximum 
Present 
Modified 
Remains? 
Coyote 8 0:12 1 No 
Turkey Vulture 8 6:29 13 Yes 
Raven 7 2:44 3 Yes 
Deer 1 0:01 1 No 
 
 After collecting the bones from Trial A and replacing them with bones for Trial 
B, the first scavengers arrived within five hours.  This initial group of two turkey vultures 
soon grew to include 15 individuals.  Not long after, ravens arrived and fed alongside the 
vultures.  The turkey vultures returned to feed on the bones daily until the sixth day of the 
trial, after which they did not return.  One raven was observed feeding on the remains for 
an additional day after the vultures ceased scavenging.  An unidentifiable quadruped 
(likely either a deer or a coyote) was observed in proximity to the bones two days before 
the trial was concluded.  Scavenger counts for Trial B are presented in Table 4.10. 
 
Table 4.10.  Faunal Observational Data for Long Bone Study, Trial B. 
Species 
Number of 
Occurrences 
Total 
Time 
Maximum 
Present 
Modified 
Remains? 
Coyote 3 0:04 1 No 
Turkey Vulture 13 6:19 15 Yes 
Raven 16 2:01 2 Yes 
Unk. Quadruped 1 0:01 1 No 
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 Trial C was the only Long Bone trial to be left unobserved for the duration of the 
trial.  This was done to determine if daily researcher site visits had an impact on faunal 
behavior and scavenging activity.  As can be seen in Table 4.11, Trial C experienced both 
a greater variety of scavengers, as well as a statistically significant increase in both the 
number of occurrences of carnivore activity and the total time spent scavenging, as 
determined by a z-test (Tables 4.12-4.13).  For this test, α < 0.05 when z > 1.96.  
Occurrences and time were found to be normally distributed with α < 0.05 using a 
Shapiro-Wilk test for normalcy. 
 
Table 4.11.  Faunal Observational Data for Long Bone Study, Trial C. 
Species 
Number of 
Occurrences 
Total 
Time 
Maximum 
Present 
Modified 
Remains? 
Coyote 20 2:14 1 Yes 
Turkey Vulture 10 5:11 9 Yes 
Raven 32 3:36 2 Yes 
Deer 2 0:03 1 No 
Pig 1 0:01 1 No 
Ground Squirrel 2 0:02 1 No 
Unk. Birds 1 0:01 2 No 
 
 
 
Table 4.12.   Z-Test of Total Number of Scavenger Occurrences for Significant 
Difference (Long Bone Study). 
Trial Pairings z Significance (α < 0.05 when z > 1.96) 
Trial A and B 2.1106 Yes 
Trial A and C 5.3561 Yes 
Trial B and C 3.4593 Yes 
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Table 4.13.  Z-Test of Total Time of Scavenger Interaction for Significant Difference 
(Long Bone Study). 
Trial Pairings z Significance (α < 0.05 when z > 1.96) 
Trial A and B 1.6332 No 
Trial A and C 3.0997 Yes 
Trial B and C 4.7251 Yes 
 
 
 
Approximately 20 hours after the bones for Trial C were placed, a deer was 
observed in proximity to the bones.  A raven arrived 10 minutes later and became the first 
scavenger observed feeding on the Trial C bones.  Very early the following morning, the 
first coyote to interact with the remains in the Long Bone Study began gnawing on one of 
the femora.  This continued throughout the night.  Turkey vultures, ravens, and coyotes 
continued to scavenge the bones more frequently than in previous trials, with the general 
pattern being avian interaction during the day and canid interaction at night.  Additional 
deer, small birds, and ground squirrels were documented near the bones but did not 
interact with them directly.  A single pig was observed two weeks into Trial C, but did 
not modify the bones.  On the final night of Trial C, a juvenile coyote was observed 
gnawing on one of the femora. 
 A final set of femora were given to domestic dogs of varying sizes to observe 
behavior and modification with known actors.  Subjects included a 10-year-old female 
purebred Golden Retriever weighing 32 kg (70 lbs.) and exhibiting severe dental attrition; 
a four-year-old female American Staffordshire Terrier mix weighing 30 kg (66 lbs.); an 
eight-year-old female Papillon/Corgi mix weighing 14 kg (30 lbs.) and a three-year-old 
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male Queensland Heeler mix weighing 27 kg (60 lbs.) who shared a single bone; a six-
year-old female purebred Boston Terrier weighing 11 kg (24 lbs.); and a four-month-old 
female German Shepherd mix weighing 10 kg (22 lbs.).  The latter two dogs were 
uninterested in the bones and did not modify them in any way.  The behavior of the 
remaining four dogs was fairly similar, with periodic episodes of gnawing followed by 
disinterest.  The owners eventually removed the bones before they became so 
fragmentary as to pose a health risk to the dog. 
 
Bone Modification 
 Bones from Trials A and B exhibited minimal damage, due to the direct activity 
of only avian scavengers.  One of the femora from Trial A was unfused, and the distal 
epiphysis exhibited scoring along the medial border of the patellar surface, possibly 
representing beak scraping (Figures 4.29 and 4.30).  However, no other similar marks 
were observed on any of the other femora.  Bones from Trial C showed gnawing of 
epiphyses as well as pits, punctures, scores, and furrows from the coyotes but no telltale 
signs of avian scavenging, such as irregular beak or talon scratching (Figures 4.31 and 
4.32).  The bones given to the domestic dogs exhibited similar marks to those femora 
modified by coyotes in Trial C (Figure 4.33 and 4.34). 
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Figure 4.29.  Turkey vulture scavenging on right cattle femur distal epiphysis 
(circled in red). 
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Figure 4.30.  Close-up of turkey vulture scavenging on epiphysis from Figure 4.29. 
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Figure 4.31.  Example of a coyote-gnawed cattle femur from Trial C of the Long 
Bone Study.  Note destruction to greater trochanter (circled in red). 
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Figure 4.32.  Close up of destruction to greater trochanter on cattle femur from 
Trial C of Long Bone Study. 
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Figure 4.33.  Example of epiphyseal gnawing by domestic dog (American 
Staffordshire Terrier Mix). 
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Figure 4.34.  Distal end of femur modified by American Staffordshire Terrier Mix 
from Figure 4.33.  Note gross bone damage (circled in red) and punctures (arrows). 
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CHAPTER 5:  DISCUSSION 
This study revealed patterns in the modification and dispersal of skeletal elements 
by Yosemite Valley scavengers.  In the short term, the combination of species observed 
interacting with the remains left telltale indicators that were unique from any one species 
acting in isolation, as observed in previous studies (Domínguez-Solera and Domínguez-
Rodrigo 2009; Greenfield 1988; Lloveras et al. 2011; Pickering and Carlson 2004; 
Reeves 2009; Saladié et al. 2009; Willey and Snyder 1989).  This includes changes to 
soft tissue indicative of pigs or vultures specifically as discussed below, as well as the 
presence of scratches, feathers, and scat.  However, these changes are ephemeral and may 
not be observable as the postmortem interval (PMI) increases.  As soft tissue 
decomposes, the only observable modification may be the gross damage to bone.  The 
hypothesis that identification of the species involved in scavenging and postmortem 
damage to bone will correlate with patterns in the way skeletal elements are dispersed 
from the original point of deposition was supported with the data collected, although 
further research is necessary to draw definitive conclusions. 
 
Avian Scavenging 
Turkey vultures scavenged both the Long-Term and Long Bone Study remains 
but did not modify the Short-Term Study pigs.  Only once was a turkey vulture 
documented near the Short-Term pigs, on Day 4 (May 26th), and no scavenging 
occurred.  This may be explained by the fact that vultures in previous research avoided 
remains during periods of intense maggot activity (Houston 1986; Spradley et al. 2012), 
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which was not as much a factor in the Long Bone Study.  However, the arrival of the 
turkey vulture at the Short-Term Site occurred after oviposition by flies but before the 
onset of maggot activity, making it unclear why the vulture did not choose to feed.  
Additionally, the turkey vultures observed during Trial C (the only directly unobserved 
Long Bone trial) were less numerous and fed for a shorter period than for Trials A and B.  
This could be attributed to the presence of coyotes during Trial C, consistent with 
research documenting turkey vulture avoidance remains actively being scavenged by 
coyotes (Buckley 1996). However, given that the turkey vultures were active during the 
day while the coyotes were generally observed at night, this cannot be fully explained.  
Turkey vultures did not seem to be affected by the daily observations made by the 
researcher at the Long Bone Site and continually fed throughout the study. 
Turkey vultures were first documented scavenging the Long-Term Study on Day 
14.  This is much greater than both the 24-hour delay between the time of deposition to 
arrival of vultures as noted in Reeves (2009) as well as the week delay in Spradley et al. 
(2012).  However, in Spradley et al. (2012), after this first encounter no additional 
vultures fed on the remains for over 30 days.  At Day 14 of the present study, when 
turkey vultures arrived at the Long-Term Site, the Short-Term Study pigs had reached a 
TBS of 20-21, and maggot activity had ceased.  If the pigs were decomposing at close to 
the same rate at the two sites, this would explain why the Long-Term Study pigs were 
appealing to turkey vultures at this time.  However, similar rates of decomposition cannot 
be assumed, because scavenger activity is known to alter the rate and pattern of 
decomposition (Haglund et al. 1989; Reeves 2009; Spradley et al. 2012). 
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Arrival of turkey vultures at the Long Bone Site occurred on Day 3 after 
placement for Trial A, six hours after placement for Trial B, and on Day 3 after 
placement for Trial C.  However, for Trial C, ravens arrived and fed on the long bones 
only 21 hours after placement.  The short time between placement and the onset of 
vulture activity for Trial B could be explained by the fact that the turkey vultures were 
already used to feeding at the site.  However, this does not explain why there was a 
similar delay for Trials A and C.  It may have more to do with the presence of coyotes 
feeding on Trial C, which would be consistent with the reduced turkey vulture activity 
overall.  However, there is minimal research currently examining the relationship 
between vulture and coyote scavenging patterns (see Buckley 1996), although ravens, 
crows, and magpies have all been observed feeding concurrently with coyotes (Bekoff 
1977; Komar and Beattie 1998). 
Turkey vultures represented the most numerous scavengers, with groups of up to 
15 individuals documented feeding at one time.  This is inconsistent with previous 
research which reported groups of no more than two (Buckley 1996) and no more than 10 
(Hiraldo et al. 1991).  In these studies, turkey vultures were in competition with black 
vultures, a more socially dominant species that often competitively excludes turkey 
vultures from carrion (Buckley 1996; Hiraldo et al. 1991).   
At the Long Bone Site, turkey vulture feeding was crepuscular.  This coincided 
with the times of day the Long Bone Site was afforded the most shade.  The turkey 
vultures at the Long-Term Site were also most active in the morning.  This is inconsistent 
with reported vulture feeding times in other research examining vulture behavior, which 
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observed vulture activity continuously throughout the day (Houston 1986; Kirk and 
Mossman 1998; Reeves 2009; Spradley et al. 2012; Stewart 1978).  In previous studies 
(Reeves 2009; Spradley et al. 2012), temperatures reached similar highs (38° C) but it is 
not explicitly stated whether the research areas were at all shaded.  The timing of 
scavenging is consistent with ecological sources which report turkey vultures leaving 
their roosts to scavenge one to five hours after sunrise and returning one to three hours 
before sunset (Houston 1986; Kirk and Mossman 1998).  Initially, the pigs in the Short 
Term Study were placed in an area of alternating shade so as to be visible to vultures 
flying overhead.  Based on the observations, this decision may have inhibited turkey 
vulture activity at this site due to the minimal amount of sustained shade afforded 
throughout the day, although affinity for shade has not been reported in previous turkey 
vulture research (Buckley 1996; Hiraldo et al. 1981; Houston 1986; Kelly et al. 2007; 
Kirk and Mossman 1998; Stewart 1978). 
Were it not for the cameras, turkey vulture activity would still have been 
identifiable from examination of the Long-Term and Long Bone Sites.  At both sites, 
downy feathers as well as large wing feathers were observed near the remains.  
Additionally, at the Long-Term Site, large feathers were found along game trails that also 
yielded skeletal material.  Shallow scratches to skeletal elements noted in Reeves (2009) 
were not observed for vulture-scavenged remains at the Long-Term Site.  It is possible 
that, given the extent of carnivore damage to elements, these were obscured.  Turkey 
vulture damage to long bones was not observed, though this may be due to the thickness 
of cow femur cortical bone compared to that of the pig elements in Reeves (2009), where 
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marks were observed most frequently on crania and mandibles.  As described in Pobiner 
(2007), bone density and cortical thickness is an underlying factor in the amount of 
damage inflicted on bones.  On the long bones, the turkey vultures seemed the most 
interested in the soft tissue, and evidence of removal was apparent on the bones (Figure 
5.1 and 5.2).  Additionally, because the turkey vultures were feeding during the day, they 
were occasionally spotted in the vicinity of the sites during daily observations.  The 
presence of vultures in the area may similarly hold true of an outdoor crime scene if first 
responders are cognizant of it. 
 
 
Figure 5.1.  Cow femur (Trial A) at time of placement. 
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Figure 5.2.  Vulture-scavenged cow femur (Trial A).  Note the ragged edges of soft 
tissue, indicative of flesh removal. 
 
 Evidence of raven scavenging was less apparent at the sites.  Ravens, like the 
turkey vultures, only interacted with Long-Term and Long Bone remains.  However, they 
did not leave behind any evidence of their activity.  It is possible that, were ravens 
allowed to scavenge in isolation, evidence of modification would be apparent, especially 
if soft tissue had been present for analysis (Komar and Beattie 1998).  Given the reduced 
duration of interaction and the amount of ravens compared to turkey vultures in this 
region, it is unlikely raven activity alone would have resulted in dispersal of larger 
skeletal elements.  However, research on similarly sized crow and magpie scavenging of 
pigs found that they were capable of transporting ribs, as well as cranial and facial bone 
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fragments (Komar and Beattie 1998).  Although ribs in the Long Bone Study were only 
moved an average of 2.87 m from the point of deposition, it is possible that ribs and other 
small bones that were not recovered were completely removed from the area by any 
number of other species, including ravens. 
 
Canid Scavenging 
 Coyotes participated in bone modification in all three studies albeit at different 
times.  At the Long-Term Site, coyotes were observed 12 hours after the start of the study 
and continued to visit the site until its conclusion.  However, at the Short-Term Site, 
coyote scavenging did not occur until Day 15 (June 6th).  Although this was during the 
time daily observations were being made, this appears to be an isolated occurrence, as 
coyote scavenging of these remains did not begin in earnest until Day 18 (June 9th), two 
days after the last site visit.  It appears that scavenging by all species at the Short-Term 
Site was inhibited by the rapid insect colonization, as observed in previous research 
(Haglund1997a; Houston 1986; Kirk and Mossman 1998; Morton and Lord 2006; 
Ricketts 2013).  And although coyotes were photographed near the Long Bone Site at 
night, they did not feed on the remains until June 8th, the night following the placement 
of Trial C and the last observations made at the site. 
 For the studies where multiple taxa were documented as scavenging, coyote 
arrival at the site as compared to avian scavengers was consistent for the Long Bone 
Study but not for the Long-Term Study.  As observed by Kjorlien et al. (2009), 
scavenging by birds preceded that of other carnivores, specifically canids.  Coyotes were 
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not observed feeding on remains at Trial C of the Long Bone Site until 20 hours after the 
first avian scavengers, in this case ravens, were documented.  However, at the Long Term 
Site, documented coyote scavenging preceded the first avian scavengers captured on 
camera after 12 days. 
 Much of the damage to the skeletal elements recovered was consistent with that 
documented in previous carnivore taphonomy studies (Bekoff 1977; Haglund 1997a; 
Haglund et al. 1988, 1989; Haynes 1980a, 1982, 1983a, 1983b; Pobiner 2007; Ricketts 
2013; Willey and Snyder 1989).  At the Long-Term Site, punctures were the most 
abundant tooth modification, followed by pits, scores and furrows.  The Short-Term 
Study results were similar except that there were more pits than punctures recorded, as 
determined by a z-test for statistical significance between the two proportions.  Furrows 
were the least frequently recorded mark in both the Long-Term and Short-Term Studies, 
a finding consistent with Pobiner’s (2007) research examining bone modification to prey 
animals consumed primarily by lions (Panthera leo), leopards (Panthera pardus), and 
spotted hyenas on two animal reserves in Kenya.  However, her study recorded scores as 
the most frequent mark, compared to this study where they were observed the third most 
frequently in both trials. 
Despite the small sample size, the high frequency of punctures and pits is 
expected, given that canids inflict damage primarily with their carnassial teeth (Haglund 
1997a).  Observations of the domestic dogs in this study, as well as previous research on 
captive canid scavenging (i.e., Haglund 1997a; Haynes 1982) reveals that tooth punctures 
can occur from extended epiphyseal gnawing.  This is more likely to occur in domestic 
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and captive animals because of boredom, but an extreme example of epiphyseal gnawing 
can be seen on a tibia recovered from the Long-Term Study (Figure 5.3).  Previous 
research suggests that when shafts are more significantly marked or otherwise damaged, 
epiphyses are also often removed.  However, this may not be completely applicable to the 
present study due to the various stages of fusion exhibited in the sets of remains.  
Previous research also suggests canids continue to scavenge remains even after they have 
been skeletonized (Bekoff 1977; Haglund et al. 1988, 1989; Haynes 1980a, 1982, 1983a; 
Willey and Snyder 1989).  Marks on the untreated bones collected from the Long-Term 
Study support this, as the differences in color between the mark and the surrounding bone 
suggest skeletonization occurred before the marks were made.   
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Figure 5.3.  Tibia from Long-Term Study.  Note extreme epiphyseal gnawing and 
shaft split, producing a cylinder (Haglund 1997a; Haglund et al. 1988; Haynes 
1980a, 1983; Komar and Beattie 1998; Willey and Snyder 1989). 
 
Damage and recovery of individual skeletal elements varied depending on the 
study conditions and the decompositional stage of the remains when the scavenging 
began.  Like the findings of Haglund et al. (1988), 100% of the crania from the Long 
Term Study were recovered with minor damage.  This is inconsistent with research that 
suggests canids are able to consume some skulls completely (Haynes 1980a).  Damage to 
the skulls recovered from the Long-Term Study included gnawed nasal bones (Haynes 
1980a), mastoid processes (Haglund et al. 1988), and zygomatic processes (Figure 5.4).  
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Modification of the mandible recovered is also consistent with Haglund et al. (1988), 
with damage to the vertical rami (Figure 5.5). 
 
Figure 5.4.  Damage to cranium from the Long-Term Study.  Note the removal of 
nasal bones and damage to right zygomatic arch (arrows) as well as tooth scoring 
(circled in red). 
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Figure 5.5.  Mandible from Long-Term Study.  Note gnawing of vertical rami 
(arrow). 
Axial elements, including ribs, vertebrae, and sternebrae, were located at the site 
of deposition, as observed in Kjorlien et al. (2009).  This is likely because these elements 
separate later in the disarticulation sequence (Stage 3 in the system of Haglund et al. 
1989).  Among long bones, more damage was recorded on the epiphyses and epiphyseal 
ends than on the shafts.  This is consistent with Pobiner’s (2007) data comparing gross 
bone damage and destruction between multiple carnivore taxa scavenging on prey 
carcasses of varying size in both captive and free-ranging conditions in Kenya.  In hyena 
scavenging, the most frequently damaged portion of the femur is the head (Pokines and 
Kerbis Peterhans 2007).  This was consistent with patterns of both coyote and domestic 
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dog scavenging in the Long Bone Study (Figures 4.31 and 4.32).  Although all four 
scapulae were recovered, they still exhibited damage consistent with canid scavenging 
patterns, included crenulated edges and gnawing to the glenoid region and neck (Haglund 
et al. 1988; Haynes 1980b). 
Additionally, the stage of decomposition when the remains were scavenged likely 
influenced the dispersal of skeletal elements.  Scavenging at the Long-Term Site began 
while the pigs were still fresh, but at the Short-Term Site the pigs had progressed through 
active decomposition and were beginning to mummify before they were scavenged. 
Although one pig was completely removed from the Short-Term Site, very few elements 
were recovered from either the original deposition site or along the game trails used to 
transport the remains.  In comparison, more elements were recovered from the Long 
Term Site, offering conflicting results to those made in previous studies.  As stated in 
Kjorlien et al., “Fewer bone elements were found close to the original placement point 
when a carcass was in an earlier decomposition stage; more were found when a carcass 
was in a later stage” (2009:105).  This is supported in Ricketts (2013), which suggests 
that remains deposited in the summer will remain in roughly anatomical position due to 
the high levels of insect activity reducing interest by larger scavengers, although the 
sample size for this study was two.  However, the present research contradicts these 
findings, with high degrees of dispersal documented on skeletal remains deposited in the 
early summer months and left to decompose throughout the season.  This is supported by 
Haglund et al. (1989) which examined canid scavenged remains from case reports 
deposited all throughout the year.  Although studies of coyote ecology suggest that 
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individuals are more likely to hunt for small rodents in the summer, and scavenge 
remains in the winter, coyotes are opportunistic feeders and will utilize any remains they 
find, explaining the high degree of dispersal (Bekoff 1977; Bekoff and Wells 1980).  
Upon returning to the research site one year after the conclusion of the study, it will be 
interesting to note if skeletal elements are still present.  According to case studies, as time 
increases, the likelihood of recovery of elements from the point of deposition decreases 
(Haglund et al. 1988). 
 Haglund et al. (1989) suggest that canids will disarticulate human remains in a 
predictable sequence, beginning with the removal of soft tissue around the throat and 
face, followed by disarticulation of the ventral thorax, lower extremities, upper 
extremities, and vertebral column.  However, this was not the pattern observed in the 
Short-Term Study.  The first scavenging that occurred was the removal of the left 
forelimb from Pig 3.  Removal of the forelimbs occurs during Stage 1 of Haglund et al. 
(1989), but general flesh removal did not occur first.  The reason for this can be gleaned 
from observing the coyote behavior throughout the rest of the study.  In general, coyotes 
scavenged the pigs closest to the dry creek ravine and game trail first.  It was only after 
the removal of Pig 3 that coyotes began to scavenge the other pig remains.  Pig 2 was 
also scavenged out of sequence, with the removal of the hindlimbs before the forelimbs.  
Disarticulation appeared to follow neither the Haglund et al. (1989) sequence nor that 
suggested by Haynes (1980b) for disarticulation of white-tailed deer (Odocoileus 
virginianus) by wolves, which progressed from viscera, hindlimb/rump, ribs and 
vertebrae, forelimbs, throat, and disarticulation of limbs.  Despite the fact that pigs are 
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considered human analogs, they are still quadrupeds and in this case were decomposed 
unclothed, which could explain the discrepancies.   
 
Suid Scavenging 
 Feral pigs fed exclusively on carcasses in the Short-Term Study.  Their 
involvement began on Day 26 (June 17th), 11 days after the coyotes began scavenging 
the Short-Term Site.  From that point forward, the feral pigs continued to utilize the 
remains until the termination of the study, usually multiple times throughout the course of 
the night, and always one at a time.  On some nights, coyotes and pigs would take turns 
scavenging at the site.  Feral pig involvement in scavenging is not surprising, even on 
remains in advanced stages of decomposition.  Domesticated pigs often receive a diet of 
human food waste (Domínguez-Solera and Domínguez-Rodrigo 2009).  Pigs in the Oak 
Woodlands of California (located Northwest of the research site in the present study) 
were documented as having consumed putrefied flesh and skin, flesh infested with 
maggots, and dehydrated skin (Wilcox and Van Vuren 2009).  Consumption of 
vertebrates, whether through scavenging or active predation, was observed to be 
influenced by protein deficiency and was more common in the summer and fall months 
(Wilcox and Van Vuren 2009). 
 Scavenging pigs were not limited in the same way as coyotes and did not show 
preference for carcasses located closer to game trails.  Instead, the feral pigs would often 
move around the site from carcass to carcass in the course of a single feeding session.  In 
general, the pigs were observed rooting into the abdominal cavities of the remains and 
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did not attempt to remove or disarticulate them.  As noted in Berryman (2002), the 
primary target for scavenging by pigs is the viscera, which they feed on by rooting.  This 
rooting action utilizes the lower incisors to scrape the soft tissue from the bone, often 
resulting in parallel furrows and scoring (Figure 5.6). 
 
Figure 5.6.  Left pig femur from Short-Term Study.  Note parallel incisor scoring 
(circled in red) at midshaft. 
 
 Pig 5 was located the furthest from the game trail, and photographic observations 
suggest that it was modified by feral pigs exclusively.  Figures 5.7 and 5.8 show Pig 5 
before and after feral pig rooting.  Note the increased destruction of the abdominal cavity 
and rib displacement, with no modification to the limbs or head.  The present study is 
consistent with conclusions drawn by Berryman (2002), specifically that scavenging pigs 
are mainly interested in viscera and are not major agents of bone transport or destruction.  
Berryman’s (2002) study, however, included a single set of scavenged human remains 
with pigs as the most logical main scavenger.  Overall consumption by pigs is dependent 
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on the size and age of the carcass being consumed, as smaller or younger remains are 
more likely to be consumed in their entirety (Greenfield 1988; Domínguez-Solera and 
Domínguez-Rodrigo 2009).  Areas of destruction found by Berryman (2002) are 
consistent with those observed in the present study, including damage to the throat, 
sternal rib ends, sternebrae, and pelvic region.  As noted in Greenfield (1988) the pigs 
may have had an affinity for smaller, portable bones that could be removed from the 
remains.  Pigs have not been observed habitually to transport large bones as dogs do 
(Greenfield 1988).   
 
Figure 5.7.  Pig 5 before carnivore modification (Day 16). 
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Figure 5.8.  Pig 5 after carnivore modification by feral pigs (Day 35).  Note 
alteration of the thoracic and abdominal cavities and displacement of the ribs 
(arrow). 
 
Dispersal and Element Recovery 
 For both the Short-Term and Long-Term Studies, although the entire area was 
carefully searched up to 150m, elements removed from the site of deposition were 
primarily found along preexisting game trails observed during the selection of sites for 
the study.  These elements were also more visible due to the displacement of the long 
grasses through which the game trails cut.  Further, of all the animals observed modifying 
the remains, the evidence clearly suggests that coyotes were the primary agents of bone 
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transport and dispersal.  This is consistent with the findings of previous studies (Kjorlien 
et al. 2009; Ricketts 2013).  Given that average daily coyote movement has been 
measured at 4 km (dependent on home range size; see Bekoff 1977), the movement of 
skeletal elements away from the areas surrounding the sites is not surprising.  Of those 
that were recovered, the elements transported the farthest as a group were the crania and 
mandible, followed by the limb bones.  It is interesting to note that, after the completion 
of Trial C of the Long Bone Study, all of the femora were still present despite several of 
the cable ties being chewed through.  This suggests that, although the coyotes were free 
to remove the femora from the site, they were not interested in doing so.  While the 
vultures were able to move the femora by a few centimeters, even those that became 
freed during Trials A and B were not moved any great distance by avian scavengers. 
 The removal of Pig 3 in its entirety represents an interesting case.  While it is 
likely that being directly located on the edge of the dry creek ravine allowed coyotes to 
use the slope to assist them in moving the remains from the Short-Term Site, one would 
expect a trail of skeletal and soft tissue elements leading away from the site, due to the 
advanced stage of decomposition at the time of removal.  Apart from a few limb bones 
and vertebrae spread across the ravine, this is not the case.  The hot, dry conditions at the 
research site resulted in mummification of the remains, which could explain the lack of 
skeletal elements dislodging from the soft tissue of Pig 3 as it was being transported.  The 
location and condition of the tracker is further unexplained, given the lack of any 
associated elements. 
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CHAPTER 6:  CONCLUSIONS 
This study tests the hypothesis that carnivore activity patterns and tooth marks 
impact the dispersal of skeletal elements in an outdoor scene.  This research, using both 
disturbed and undisturbed settings, examined the scatter of pig remains deposited in the 
rural environment of Yosemite, CA, USA.  The use of a natural environment with free 
access by scavengers also augments current research in which the effects of a single 
scavenger are observed in a non-natural or isolated setting (e.g., Domínguez-Solera and 
Domínguez-Rodrigo 2009; Greenfield 1988; Reeves 2009; Spradley et al. 2012; Willey 
and Snyder 1989).  The effects of carnivore modification and scavenging as documented 
in an actualistic study such as this will lead to a more thorough understanding of 
postmortem changes, which is essential to any forensic investigation. 
As hypothesized, this research has shown that the species of scavengers present at 
correlated with the damage to remains left to decompose in an outdoor setting.  The 
scavengers had an impact on both the types of tooth marks present, and the dispersal of 
skeletal elements from the original point of deposition.  This supported previous research 
examining captive, isolated, and natural scavenging patterns.  Despite this, it is still 
relatively difficult to identify individual tooth mark damage to a specific species of 
scavenger.  This is true for a number of reasons.  First, some tooth modification, such as 
gross bone damage to epiphyses, is relatively general and can be caused by multiple 
species.  Second, modification may overlap, causing tooth marks to be obscured or 
distorted, thus hindering analysis.  Although large tooth marks can be assumed to be 
caused by large scavengers, small tooth marks or scratches may be made by small or 
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large scavengers.  Essentially, while the presence of large tooth marks on remains can be 
assumed to indicate the presence of large scavengers, the absence of large tooth marks in 
no way infers an absence of large carnivores at the site.  All of these confounding factors 
suggest the need for further research examining how scavengers modify bone, both in 
actualistic and captive scavenger contexts.  Despite this, scavenging patterns did emerge 
from the data collected in the present study.  
Coyotes were the main agents of transport and tended to remove elements from 
the sites.  Elements removed by coyotes could often be located along existing game trails, 
although some elements were never recovered.  Gnawing, especially at long bone ends, 
was indicative of coyote activity.  Coyotes also tended to produce punctures and pits, 
from the action of their canine teeth on epiphyses.  The patterns of modification on those 
femora given to domestic dogs were similar to bones modified by coyotes. 
Pigs tended to feed in place but would move between one set of remains and 
another during the course of a feeding session.  They primarily consumed the viscera, and 
marks were most commonly found on ribs and proximal long bones.  These marks were 
the result of the pigs’ natural rooting behavior.  Modifications indicative of pig 
scavenging included parallel scoring on bone made by the incisors, as well as minimal 
disturbance to the remains apart from that required to gain access to the viscera. 
Turkey vultures and ravens were the most frequent scavengers and fed in larger 
numbers.  However, turkey vultures and ravens were observed to be less numerous when 
other larger carnivores also participated in feeding on the remains.  During a search of the 
entire area, the discovery of feathers along game trails suggested avian scavengers also 
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used them to follow bone transport.  Turkey vultures and ravens were more deterred by 
the presence of maggot activity, and did not tend to scavenge remains in the active stage 
of decomposition.  Further, they did not leave telltale signs of modification on bone, but 
soft tissue scavenged by turkey vultures and ravens showed ragged edges that were 
dissimilar to the soft tissue scavenging by pigs and coyotes. 
 The present research is also significant because it provides information on both 
scavenger activity and decompositional changes in Central California.  This region 
remains an environment where relatively little actualistic research of this kind has been 
conducted, despite increased taphonomic studies elsewhere in California (Bartelink 2010; 
Bright 2012; D’Alonzo 2012; Greenwald 2010; Gruenthal 2010; Hertzog 2012).  
 The use of game cameras to document scavenger activity was beneficial to this 
study, in that it allowed for retroactive monitoring of the sites during all hours of the day.  
The only way this system could have been improved, especially for the undisturbed 
phases of the studies, would have been through the use of live streaming cameras.  
However, use of this technology was not feasible due to the distance between the 
research sites and the electrical outlets located in the structures on the property.   
 The radio trackers used in this study were not highly effective due to the fact that 
two of the three pigs into which they were inserted did not get dispersed from the Short-
Term Site.  The third, Pig 3, was transported from the site but the remains could not be 
recovered.  Following the signal of the radio tracker resulted in interesting findings, with 
the tracker located clean and with no associated bone or soft tissue from the pig it was 
placed in.  Despite this, use of radio trackers for determining the direction and distance of 
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travel is a viable option for further research on scavenger activity.  Further, there was no 
preferential scavenging or insect activity at the insertion site, even without suturing. 
 This study emphasizes the importance of undisturbed controls when conducting 
research with wild carnivores.  As the lack of scavenging during the first two weeks at 
the Short-Term Site suggests, not using undisturbed controls could potentially result in 
zero carnivore interaction, and thus no data.  Accounting for human interference as a 
variable seems worth the additional effort of creating an undisturbed control group. 
The results generated by this study lead to a better understanding of scatter 
patterns in outdoor settings where multiple carnivores are likely to modify remains.  This 
in turn aids law enforcement officers in targeting specific areas to focus their search for 
human remains in cases of suspected body disposal in a rural environment.  An 
understanding of the telltale signs of carnivore modification and the behaviors of 
carnivores involved in moving remains is essential to the development of search and 
recovery planning.  In 2011, 20 people died in Yosemite National Park alone, and some 
of their bodies are still unaccounted for (Klein 2012).  Add to that the people who go 
missing in non-federally regulated wilderness areas where close counts are not so 
meticulously kept, and the numbers start to add up.  In addition, victims of homicides 
may be transported to rural environments in order to be concealed, where they are easily 
accessed by scavengers (Nethery 2002).  This suggests the importance of understanding 
the unique variety of scavengers at a deposition site in order to draw conclusions about 
the patterns of skeletal element dispersal. 
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Future Research 
Additional research must be conducted to determine the impact of variables that 
could not be accounted for in the present research.  First, more research is needed to 
determine the age of pigs that most closely approximate humans in terms of 
decomposition and element dispersal.  Adult pigs often can weigh over 400 lbs., much 
heavier than a majority of humans.  However, if juvenile pigs that approximate the 
weight of humans are used, the unfused epiphyses may result in differences in bone 
destruction and element dispersal.  This was a concern of the present research.  Because 
human remains are often difficult to obtain for research of this nature, a study which can 
establish the ideal mass and developmental stage of pigs for use in forensic research is 
warranted.  Other possible options for addressing this disparity are the use of feral pigs, 
which have a lower body mass index (BMI), or adult white-tailed deer as in Haynes 
(1980b; 1982). 
As it stands, previous research using suids as agents of taphonomic change is 
severely lacking.  Published studies are either case reports (Berryman 2002), or use 
partial animal remains in captive or wild settings (Domínguez-Solera and Domínguez-
Rodrigo 2009; Greenfield 1988).  Ideally, additional research would be conducted in a 
natural setting with scavenging by wild suids, such as was achieved by the present 
research.  However, additional captive or free-ranging domestic suid scavenging on 
human remains would still be an important addition to the field.  The present study, using 
whole remains in a natural setting, contributes to furthering the field’s understanding of 
suids as active scavengers and agents of taphonomic change. 
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It has been suggested that element transport is dependent on the utility of the 
energy that can be obtained from it, compared to the energy expended in acquiring it 
(Binford 1978) as well as interspecific and intraspecific competition.  This paradigm has 
been applied previously to hunter-gatherers killing large game and bringing it back to 
their home base.  Binford’s (1978) Modified General Utility Index (MGUI) suggests that 
the region around the femur of common ungulate species has the highest utility, followed 
by the sternum, tibia, ribs, pelvis, and thoracic vertebrae for large vertebrates.  Elements 
with the lowest MGUI are the feet and associated skeletal elements of the forelimb 
(carpals and metacarpals), the phalanges of the hindlimb, and the atlas and axis region of 
the neck (Binford 1978).  This pattern is not strictly followed for the dispersal of 
elements in this study.  With such high utility values, it would be expected that regions of 
the trunk would have been removed, and their associated bones with them.  However, 
many sternebrae and vertebrae were recovered at the original site of deposition.  Further, 
no carpals, metacarpals, or phalanges were recovered, and only one tarsal, a calcaneus, 
was found.  This suggests a pattern of feeding consistent with the rider effect, where 
distal limbs are removed because of ease of transport and/or consumption, but proximal 
limbs and viscera are fed on in-place or in the immediate vicinity of the remains, where 
their associated skeletal elements were recovered.  These differences stress the need for 
future research comparing human and animal carcass utilization patterns on a taxa-
specific level, so as to better understand the removal of skeletal elements from the point 
of deposition. 
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Future studies examining the effects of scavenging on remains should attempt to 
incorporate behavior implications of the specific species being studied.  This includes 
understanding utility indices as discussed above, as well as home range use, denning 
behavior, affect of seasonality and resource availability for the particular scavenging 
period, and inclusion or exclusion of other species from the environment.  By 
incorporating additional ecological data, future research will be better able to explain the 
dispersal of specific elements away from site, as well as the consumption and 
disarticulation sequence. 
As a continuation of this research, during June of 2013, approximately one year 
from the completion of the study, the remains from the five remaining pigs from the 
Short-Term Study will be examined.  The purpose of this is to determine if any skeletal 
elements are still present at the original point of deposition, as well as to observe the 
floral growth over the past year, with regards to the decomposition islands.  Once again, 
skeletal elements will be mapped and documented, and collected for analysis.  This will 
hopefully shed light on what conclusions can be drawn about scavenging on remains left 
undisturbed with a known PMI.  Additionally, the bones from Trial D of the Long Bone 
Study will be collected, assuming they are still present at the site, and analyzed for both 
scavenger modification and weathering changes.  This additional data will hopefully shed 
more light on long-term utilization of remains by scavengers, more so than could be 
encompassed in the original six-week study. 
As mentioned previously, the importance of regional taphonomic studies cannot 
be overemphasized.  Studies of this nature are essential to our understanding of carnivore 
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taphonomy, but are limited in that the data can only be generalized to the environment 
and specific species being studied.  Because of this, standardization of methodology is 
essential to producing a body of research which will further our understanding of not just 
carnivore taphonomy, but decompositional processes across a variety of environments 
and climates.  This research will hopefully be a step towards further lines of inquiry into 
regional taphonomic variation, which will benefit both the field of forensic anthropology 
and law enforcement as a whole. 
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